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I.  On  Ripples,  and  their  relation  to  the  Velocities  of  Currents. 
By  T.  Archer  Hirst,  MathematiciU  Master  at  Umvenity 
CeUege  Sehoot^  London*, 

[Wtth  ft  Plate.] 

1.   A  LTH0TJ6H  we  are  all  familiar  with  tbe  ripples  which 
solid  bodies  prodace  upon  the  surface  of  a  stream  iu 
which  they  are  partially  immersed,  their  precise  nature  and  their 

relation  to  the  velocity  of  the  current  appear  to  have  received 
but  little  investigation.  The  rea.«ion  of  this  is  no  doubt  to  be 
sought  in  the  well-known  difficulties  presented  by  the  hydrody- 
namical  problem  whose  solution  is  here,  strictly  speaking,  in- 
volved. Upon  this  problem  Newton,  Laplace,  liagrangc,  Poiflson, 
Cauchy,  and  others  have  expended  the  greatest  analytical  power 
and  mathematical  skill,  and  in  every  case  tlic  inherent  difficulties 
of  the  subject  have  compelled  thvm  U\  introduee  hypotheses  and 
restrictions  which  more  or  li  ss  \  itiate  the  results  at  which  they 
at  length  arrived.  The  brothers  W  eber,  again,  by  their  elaborate 
researches,  have  shown  that,  iu  the  ex jieri mental  investigation 
of  the  problem  in  question,  difficulties  of  equal  magnitude  are  en- 
couiitcred. 

But  instead  of  considering  the  phenomena  of  ripples  as  n  par- 
ticular case  of  this  general  and  complicated  hydrodynamical 
problem,  the  question  arises,  can  we  not  in  some  more  dUreet  and 
simple  manner  arrive  at  the  general  relation  whieh  must  exist 
between  these  beautifully  symmetric  ripples,  and  the  velocities 
of  the  several  parts  of  the  current  upon  whose  surface  they  are 
produced.  Ptofessor  Tyndall,  in  his  recent  work  *  On  the  Glaciers 
of  the  Alps '  (p.  898),  has,  in  fact,  prepared  the  wav  for  usj»  in  h» 
chapter  29,  *'  On  the  ripple  theory  of  the  veined  structure  of 

*  Communirntef!  bv  the  Author.  -  ♦ 
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glaciers/  by  giving  an  exceedingly  clear  and  simple  expUtmtion 
of  the  origin  of  ri})ples  on  the  surfaces  of  streams.  In  the  present 
paper  1  propose  to  pursue  the  subject  somewhat  further  thau 
he  found  it  necessary  to  do^  and  to  put  his  views  into  a  mathe- 
tnatieal  form, 

2.  When  a  apherical  body — or  a  drop  of  water^faHs  upon 
the  surface  of  still  water^  a  system  of  conoentric  and  circular 
waves  are  formed  around  the  point  of  impact.  The  foremost  of 
these  waves  generally  exceeds  the  rest  in  magnitude^  and  being 
on  that  account  most  visible^  will  be  referred  to  b»  the  wave :  its 
height  and  breadth,  us  well  as  the  velocity  X  with  which  it 
recedes  from  the  point  of  impact^  all  depend  upon  the  magnitude 
of  the  body,  and  the  height  from  which  it  fell.  According  to 
Weber*,  this  velocity  X  of  propagation  varies  also  with  the  time, 
or,  more  strictly,  decreases  as  the  radius  of  the  circle  formed  by 
the  wave  increases :  this  variation,  however,  is  admitted  by  Weber 
to  be  small t,  and  according  to  Poisson's  calculations,  has  no 
existence |.  In  the  preseitt  papfM-  this  possible  variation  of  X  is 
not  overlooked,  althoui^h,  to  oblaui  dehnite  results  capable  of 
bcuig  compared  with  those  of  experiment,  X  is  often  treated  as  a 
constaTit ;  the  error  incurred  by  so  tloinp:  being  rendered  less 
important  by  the  circumstance  that  the  waves  with  which  we 
shall  then  be  concerned  cease,  in  reality,  to  be  visible  before 
their  radii  have  reached  any  tcreat  uiauiiiitude. 

3.  If  we  suppose  the  spherical  body  to  fall  into  a  current  of 
water  whose  velocity  v  is  everywhere  the  same,  the  particles 
forming  the  surface  of  the  cnmnt  will  still  be  relatively  at  rest, 
and  the  wave  will  again  be  drcnlar  in  form,  the  centre  of  the 
curcle  being  carried  down  the  current  whilst  its  radius  increases 
with  a  velocity  X^  which  we  may  assume  to  be  the  same  as  before. 
If  the  velocity  and  direction  of  the  current  vary  from  point  to 
point,  ihe  circular  form  of  the  wave  will  be  destroyed  as  it  floats 
downwards,  and  the  variations  of  form  through  which  it  will  pass 
will,  as  Weber  remarks,  indicate  in  some  measure  the  variations 
in  the  direction  and  velocity  of  the  current  at  its  several  points. 

4.  Let  us  next  suppose  a  succession  of  drops  to  fall  into  the 
stream,  the  points  of  impact  being  fixed  in  space.  Each  drop 
will  occasion  a  wave ;  and  if  there  be  no  current,  the  several 
waves  will  ftn-m  a  system  of  concentric  circles  around  the  point 
of  impact ;  if  there  he  a  current,  however,  and  its  velocity  be  not 
too  sinall,  the  successive  waves  will  intersect  one  another,  and  at 
the  points  of  intersection  the  water  will  be  raised  to  a  height  ex- 
ceeding that  of  either  of  the  intersecting  waves.    Lastly,  if  the 

•  *  H  V//f/j/e//re,  p.  182.  t  Thld.  p.  210. 

♦  Maiioircs  de  l\icad.  Hoy.  des  Sciences  de  I'Jnstituti  1B16,  vol.  i.p.  166, 
J»e«i  ulso  H'elleiiiekre,  p.  423. 
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drops  succeed  each  other  with  sufficient  rapidity,  in  short,  if 
they  constitute  a  jet  of  water  falling  into  the  current,  the  suc- 
cessive waves  will,  by  their  intersection,  give  rise  to  a  continuous 
series  of  points  elevated  abov  e  the  general  level  of  the  liquid,  and 
forming  a  ripple  more  visible  than  the  waves  which  it  euvelopea. 
If  we  replace  the  jet  by  a  solid  cylinder,  the  effect  will  be  essen- 
tially the  same ;  the  waves,  it  is  true,  may  diiicr  in  form  and 
even  in  the  velocity  with  which  they  are  propagated ;  but,  as 
before^  the  ripple  will  be  their  envelope.  It  is  in  this  manner 
that  the  pebbles  and  other  partiallj  immersed  bodies  on  the 
banks  of  a  stream  give  rise  to  ripples  whose  forms,  as  we  shall 
see^  indicate  in  every  ease  the  velocities  of  the  adjacent  parts  of 
the  current.  It  is  scarcely  necessary  to  add  that  bodies  moving 
on  the  surface  of  still  water  produce  precisely  similar  effects ;  the 
ripples  caused  by  boats  and  water-fowl  are  examples  familiar  to  all. 

5.  The  relation  between  the  form  of  the  ripple  and  the  velo- 
city of  the  stream  may  be  easily  determined  without  even  know- 
ing the  forms  of  the  waves  of  which  the  ripple  is  the  envelope. 
Deferring  this  determination,  however,  to  art.  10^  let  us  first, 
for  the  sake  of  completeness,  consider  the  following  question : — 

The  initial  form  of  a  wave  being  known,  throiiirh  what  varia- 
tions will  it  pass  as  it  iioats  down  a  stream  where  the  veloeity 
and  direction  of  the  current  vary  from  point  to  point  according 
to  a  given  law  ? 

Let  X  and  y  be  the  coordinates  of  any  point  m  on  the  sur- 
face of  the  stream,  and  let  v  and  a  be  given  functions  of  x  and 
y,  denoting  respectively  the  velocity  of  the  current  at  the  point 
m,  and  the  angle  between  its  direction  and  the  abscissa  axis; 
the  problem  is  to  tind  the  equation 

y=A^»  t)   (1) 

of  the  wave  at  the  expiration  of  the  time  t,  the  equation 

y=-y(r,  0)  (2) 

of  the  wave  at  the  oricrin  of  tiial  time  being  known. 

At  the  time  /  in  question,  the  point  -m  of  the  wave  bine  will 
have  two  velocities  ;  one,  \,  in  the  direction  of  the  normal  mn  to 
the  wave^  and  another,  v,  in  the  direction  ma  determined  by  th^ 

angle  afiiX=<x.    At  the  expiration  y 

of  the  element  of  time  dt,  there- 
fore, the  point  m  will  arn\'e  at  the 
opposite  angle  m*  of  a  small  paral- 
lelogram, whose  sides  mn=Xdt  and 
ma^vdt  have  the  directions  above 
defined.    If  we  call  2'  and  y'  the 

eoordinates  of  m',  and  <p  —  nmX  the  *  ^ 
angle  between  the  external  normal  | 

£2 
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and  the  positive  direction  of  the  abscissa  axis^ 

^3BiP  +  (X  COS  0  -f  V  COS  d)dtf 

y'sy  +  (X  sm        Bin  »)dt. 

But  on  changing  /  into  t-^dt,  the  coordinates  a/,  %/  shotUd 
satisfy  the  equation  (1) ;  hence 

y  +  (X  sm    -f  t;  sin  eL)dt        +  (X.  cos  ^  +  r  cos  a)dt,  /  + 

Developing  the  function  on  the  right,  neglecting  powers  of  di 
higher  than  the  first,  and  recalling  the  equation  (1),  we  have 

Xsin^+«8inas=^(Xco8^+vcosa)+ 
or,  since  dy^ 

This  is  the  partial  differential  equation  whose  general  integral 
will  include  the  equations  of  all  possible  waves  which  can  be 
formed  under  the  given  conditions.  The  arbitrary  function 
which  this  integral  involves  will  in  each  case  be  determined  by 
the  known  equation  (2)  of  the  wave  which  corresponds  to  /  =  0. 
With  respect  to  this  equation,  however,  it  must  be  rcinrmbcrcd 
that  \  varies  with  the  natm-e  of  the  displacLiuent  to  which  the 
waves  owe  their  origin  ;  in  our  case  it  depends  upon  the  ninirni- 
tude  and  velocity  of  the  jet — a  fact  which  Weber's  experiments* 
establish  beyond  doubt.  Apart  from  this  variation,  however,  it 
follows  from  art.  2  that,  even  when  the  jet  remains  the  same 
throughout,  X  may  vary  from  point  to  point  of  a  ^^ave;  in  otlicr 
words,  it  may  be  a  function  of  x  and  y.  In  assuming  X  to  be 
constant,  therefore,  approxiuiate  results  can  aluue  be  expected. 

6.  If  we  assume  the  direction  of  the  current  to  be  everywhere 
the  same^  and  paralld  to  the  abscissa  axis,  then  a  is  always  scro, 
and  the  equation  (3)  becomes 


(1) 


The  velocity  v  still  remains  a  function  of  both  9  and  y\  but 
without  departing  too  much  from  the  actual  state  of  things  in 
rectilinear  streams,  we  may  regard  o  as  a  function  of  y  alone ; 
that  is  to  say,  we  may  auppose  the  velocity  of  the  current  to 

♦  n'elleniehre,  p.  183. 
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remain  tlic  same  at  the  sauic  distance  from  its  banks,  and  to 
vary  only  on  crossing  the  stream.  Under  these  conditions  the 
ecjuatioii  ( [)  is  intcLM-.tblc  ;  and  if  X  be  constant, one  of  it«  com- 
plcLc  mLe«^rala  will  be  fouiid  to  be 

where  c  is  an  arhitrary  conttant^  and  4>  an  arhitrary  ftinetion. 
The  general  integral  will  result  from  the  elimination  of  e  between 
this  equation  and  its  differential  according  to    which  is 

7.  The  arbitrary  function  4>  may  be  determined 'from  the 
known  equation 

F(«,y)=0  (7) 

of  the  initial  wave  in  the  following  manner.  Patting  ^ssO  in 
the  equations  (5)  and  (6)^  we  know  that  the  result  of  ^minating 
e  from  the  equations 

j  dyV{c - t?p^\« s \x  +  ^(c),  ....  (5a) 

must  coincide  with  the  equation  (7).  But  eh'minating  c  from 
these  equations  is  equivalent  to  replacing  c  in  the  tirst  by  a  f  unc- 
tion ol  u  and  y  detcrmnied  Iroiii  the  second.  Now  on  diii'eien- 
tiating  (5a)  on  the  hypothesis  that  c  is  a  function  of  x  and  y  thus 
determined,  we  have,  in  virtue  of  (6a), 

dy  >/ (c-w)«-\«=X dx^ 

an  equation  which  ought  also  to  coincide  with  the  result  of  dif- 
ferentiating (7),  that  is,  with 

We  conclude  then  that 

3^\/(c-i^j^-A.^4-X^=0  (b) 

The  result  of  eliminating  x  and  y  from  the  equations  (7),  (5a), 
and  (8),  therefore^  will  lead  to  the  required  relation  between  *i^(c) 
and  c, 

8.  As  an  eiample,  let  the  velocity  v  of  the  current  be  constant, 
or  the  same  at  all  points.  The  complete  integral  (5)  of  the 
equation  (4)  will  then  become 

V^(c-»)*-X,««X(«-  a)  +  c„   ....  (9) 
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where  Tj  is  a  function  of  c  to  be  determined  from  the  initial  form 
of  the  wave.  If  we  suppose  this  initial  form  to  be  that  of  a  circle 
with  radius  a  around  the  ori^iu,  the  required  relation  between  e 
and  C|  will  result  from  eliminating:  .r  and  y  from  the  following 
equations,  to  which  (7),  (5a),  and  (8)  become  leepectivdy  re- 
duced: 

yv''(c-tj'-X2"-Xj:=c„  I  ....  (10) 
jr^/(c-t»)»-X«+Xy=0.  J 

Fh>m  these  we  easily  deduce 

u{c-v)=±c,,  (11) 

by  means  of  which  (9)  becomes 

y\/€,*— a*X''»tfX(«— «0  4-  c,(fl  +  Xi). 

Differentiating  this  according  to  Cj,  we  have,  corresponding  to 
((ij,  the  ec^uation 

The  equation  of  the  wave  at  the  end  of  the  time  t  fesolts  from 
the  elimination  of  Cj  from  these  two  equations^  or  firom  the  fol- 
lowing twOj  to  which  they  are  equivalent : 

The  result  is  clearly 

y*+{x-vi)^^{a:^\t)\  (12) 

whichi  as  might  have  been  anticipated^  is  the  equation  of  a  drele 
whose  centre  is  on  the  abscissa  axis  at  a  distance  from  the  origin 
equal  to  vt — the  space  described  in  the  time  t  by  each  point  of 
the  current — and  whose  radius,  from  being  a,  has  become  a -fX/, 
in  consequence  of  the  ]>ropn2:ation  of  the  wave  with  the  constant 
velocity  \.  The  upper  simi  m  (12)  is,  of  course,  foreign  to  the 
present  inquiry  ;  it  refers  to  the  propaijation  ol  ihe  wnve  intvards, 
a  case  which  is  included  in  the  ditiereutial  equation  {4)  *, 

*  It  it  worthy  of  notice  that  when  r=0,  the  differential  equation  (3)  or 


where  km»\i,  a  relatkm  which  all  foroM  emu  miut  tttiifyy  and  which 
may  be  at  once  obtained  from  the  definition  of  these  curves.   If    f,  ami 

k  be  rcffftrded  as  the  coorflinates  of  a  point  in  sjiRf-e,  thv  above  partial  dif- 
ferentiu  equation  represent*  a  developable  surface  generated  oy  a  plane 
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9.  Let  us  next  consider  the  ripple  whkch  envelopes  a  system 
ot  \va  \  ( s  haviug  at  their  origin  the  same  position  and  form.  If, 
a^i  ill  art.  5^ 

y=/[^,0    .    .  (1) 
represent  the  equation  of  any  wave, 

y=j{j:,  i-^di)  =J\x,  t)-^^dt  +  &c. . . 

will  be  that  of  the  next  preceding  wave,  and  the  values  of  x  aud 
y  which  satisfy  both  e(^uations,  or  which  satisfy  (1)  aud  the 
equation 

f=0,  (13) 

will  refer  to  a  point  on  the  required  ripple.  In  shorty  the  eqiia^ 
tion  of  this  ripple  will  be  the  result  of  the  elimination  of  /  from 
the  equations  (1)  and  (13).  If  we  differentiate  (1),  regarding  i 
as  a  fonction  of  x  determined  by  (13),  and  use  brackets  to  di* 
stingnish  partial  from  complete  differential  coefficients^  we  haye 

da:~\dxJ'^\dtJdx* 

hence  by  (13), 



an  equation  which  merely  expresses  the  well-known  fact,  that  at 
their  point  of  contact  the  wave  and  ripple  have  the  same  tangent. 
But  it  was  shown  in  art.  5  that  the  equation  (1)  satisfies  the 
partial  differential  equation  (3) ;  and  the  latter,  hy  means  of  (13) 
and  (14)^  becomes  transformed  into  the  ordinary  differential 
equation 

Xy/l+  ^  +  r»ui«=i;^cosa,  .    .    .  (15) 

which  is  clearly  that  of  the  ripple.  If  the  coordinate  axes  be 
turned  around  the  origin  until  the  abscissa  axis  is  parallel  to  the 
direction  of  the  current  at  any  point  of  the  ripple,  then, 

since  «  — 0  at  that  point,  (15)  becomes 


which  is  constautlv  inclined  at  an  augle  uf  43"  to  the  plaue        or  axis 
and  the  sectimis  <»  this  nir&ce  made  by  planes  parallel  to  («y)  will  conati- 
tnte  a  syitem  of  panUel  eurves.   If  the  bate  of  this  tyttem  be  a  currc 

traced  on  the  coorainatc  plane  of  (xy),  the  generating  planes  of  the  deve- 
lopable will  always  touch  the  samo.  T}h»  (levelopable,  io  fact,  haa  for  its 
e4ge  of  regression  a  curve  which  cuts  at  an  angle  of  45**  all  the  generators 
of  a  njght  cylinder  whose  base  ii  the  evolute  of  the  enure  tnuwd  cm  the 
pkiie(sy). 
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(16) 


wbere  B  is  the  inclination  of  the  ripple  to  the  direction  of  the 
curreDt  at  any  point  M  of  the  former.  We  an  thus  led  to  the 
following  simpie  and  interesting  result : — 

At  any  point  of  a  ripple^  the  tine  of  the  angle  between  its  direc^ 
tion  and  thai  of  the  current  iemoersely  proportional  to  the  velocity 
of  the  latter^  and  directly  proportional  to  the  velocity  of  propa* 
gatioD  of  the  wave  which  touches  the  ripple  in  that  point* 

10.  This  result  may  be  arrived  at  in  ^ 
a  simpler  manner.  When  the  velocity 
and  direction  of  the  current  remain  the 
saiiic  at  all  points,  the  waves  produced 
at  a  point  A  retain  their  circular  form 
as  they  float  down  the  current.  If  the 
radii  of  the  several  circular  waves  in« 
crease  with  the  same  velocity  \,  then 
the  ripple,  their  envelope,  will  clearly 
consist  of  two  right  lines  diverging 
from  A  and  touching  all  the  ciiSles. 
If  from  the  centre  B  of  any  wave  the 
radins  B  M  be  drawn  to  its  point  of  . 
contact  with  the  ripple,  then,  smce  the  f 
wave  has  been  propagated  over  the 
npace  BM  in  the  same  time  that  a 
point  of  the  current  has  described  the 
space  A  B,  we  have  clearly 


(17) 


If,  as  Weber  asserts  (see  art.  2),  the 
velocity  X  with  which  the  wave  is  pro- 
pagated diminishes  as  its  magnitnde 
or  radius  BM  increasesj  the  ripple  will 
no  longer  be  reetilinealj  but  at  the 
point  M  of  the  ripple  the  law  of  art.  9 
will  still  hold.  To  prove  this,  it  is 
only  necessary  to  consider  two  im* 
meoiately  succeeding  circular  waves 
aroand  B  and  B',  and  from  these 
poiTits  to  let  fall  the  perpendiculars 
BM,  13' upon  their  common  tan- 
ire  nt  M  M',  which  will  also  be  the 
tangent  to  the  ripple  at  the  point  M ; 


1 
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drawing  li  C  parallel  to  M  M',  we  have,  as  before, 

where  6  is  the  angle  between  the  directions  of  the  ripple  and  the 
current  at  the  point  M.  The  velocity  v  being  constant,  6  and  X 
will  decrease  simnltaneously ;  so  that,  according  to  Weber,  the 
ripple  should  consist  of  two  curved  lines,  AM,  AM^,  turning 
their  concavities  towards  each  other.  This  property  of  the  wave 
sugrgests  a  crucial  experiment  as  to  the  variation  of  \;  to  apply 
it,  however,  a  perfectly  uniform  current  would  be  required,  or 
what  is  equally  ditticult  to  realize,  a  jet  must  be  made  to  de- 
scribe aright  line  with  perfectly  uiiii'orm  velocity  over  still  water. 
In  ordinarj'  exj^i^rinients,  as  will  be  hereafter  seen,  the  ripple,  as 
long  as  it  remains  visible,  and  as  far  as  the  eye  can  judge,  is 
rectilinear. 

Again,  it  may  t  asily  be  shown  that  when  the  velocity  and 
direction  of  the  cui  lent  vary  from  point  to  point,  so  as  to  destroy 
the  circular  form  of  the  waves,  the  law  of  art.  9  is  still  iulliiled. 
In  fact,  in  the  immediate  vicinity  of  the  point  M  of  the  ripple 
we  may  regard  this  velocity  and  direction  as  constant ;  and  lu 
place  of  the  non-circular  wave,  to  whose  intersection  with  the 
immediately  preceding  and  succeeding  waves  the  ripple  at  M  is 
due,  we  may  substitute  a  circular  one  osculating  the  real  wave 
in  M,  increasing  with  the  same  velocity  \,  and  moving  paralld 
to  the  current  at  M  with  the  velocitv  v  which  exists  at  that 
point  This  fictitious  circular  wave  will  clearly  produce  a  ripple 
coincident  with  the  actual  one  in  the  neighbourhood  of  the  point 
M,  and  thus  the  relation  (16)  between  \  v,  and  $  will  still 
exist  at  that  point. 

.11.  From  the  relation 

•  a  ^ 
sin  a=  — , 

it  follows  that  when  X  and  v  are  equal,  $=       that  is  to  say, 

when  the  velocity  of  the  current  is  equal  to  the  velocity  with  which 
the  wave  is  propagated,  the  several  waves  all  touch  a  line  at 
.  right  angles  to  the  direction  of  the  current;  they  will  con- 
sequently touch  each  other,  and  the  ripple  will  become  reduced 
to  their  point  of  contact.  Mlien  \  exceeds  imaginary ;  in 

fact,  in  this  case  the  waves  will  clearly  be  propagated  up  the 
stream,  and  will  no  longer  intersect.  Strictly  meaking,  however, 
this  is  the  case  only  when  the  waves  are  produced  by  a  discon- 
tinuous scries  of  drops  ;  experiment  shows  that  when  a  solid  cy- 
linder or  jet  i'^  partially  immersed  in  slow  a  current,  the  water 
flow  past  it  witliout  its  surfacr  suffering  any  visible  flisturbance. 
¥tom  this  it  follows  that  a  nppie  which  has  been  produced  in  a 
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stream,  where  the  vdodty  diminishea  from  the  centre  towardi 
the  Bidesy  will  end  abruptly  as  soon  as  it  has  reached  a  point 
where  that  velocity  is  less  than  X ;  the  pebbles  on  the  hanks  of 
such  a  stream  will  produce  no  ripples.  In  a  similar  manner,  too, 
\  may  be  regarded  as  a  limit  beyond  which  the  velocity  of  a  body 
moving  through  still  water  cannot  be  increased  without  visibly 
rippling  its  surface. 

12.  For  the  sake  of  further  illustration,  let  us  assume,  as  in 
art.  6,  that  the  direction  of  the  current  is  everywhere  parallel  to 
the  abscissa  axis,  and  that  its  velocity  v  varies  only  with  the  di- 
stance y  from  this  axis.  The  differaitial  equation  (15)  of  the 
ripple  then  becomes 

dtf^^^^Xdx,  (18) 

who«e  integral,  X  being  considered  as  a  consLauL,  in 

J^/yi/^^««X«+C,    ....  (19) 

where  the  constant  C  will  be  determmcd  as  soon  as  any  point  in 
the  ripple  is  known.  By  (18)  we  can  determine  v  whenever  the 
form  of  the  ri}jplc  is  known,  and  by  (19)  we  may  iind  the  equa- 
tiop  of  the  ripple  whenever  the  law  in  the  vai'iation  of  the  cur- 
rent's velocity  is  given. 

For  instance^  we  may  determine  the  nature  of  the  current,  the 
ripples  upon  whose  surfroe  are  parabolas.  For  in  this  case  the 
equatioii  of  any  ripple  being 

we  have  at  once 

^  _     \  _p 

whence  we  deduce 

and  conclude  that,  to  produce  parabolic  ripples,  tiic  \  (  loc  ity  of 
the  current  at  any  distance  tj  from  the  axis  of  the  parabola  will 
be  represented  by  the  abscissa  of  a  hyperbola  havin^^;  that  axis 
for  transverse  axis  (2X),  the  vertex  of  the  parabola  for  centre,  and 
a  conjugate  aiis  equal  to  the  parameter  of  the  parabola. 

ConveFsely,  if  die  velocity  of  the  current  at  any  distance  y 
from  the  abscissa  aids  satisfy  the  relation 


that  is  to  say,  if  this  velocity  can  be  represented  by  the  abscissa, 
corresponding  to  the  ordinate  y,  of  an  ellipse  havmg  ita  centre 
at  the  origin,  then  the  equation  of  the  ripple,  as  given  by  (19), 
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would  be   ^  „ 

wheie       ;  on  integrating,  we  find  the  equation  of  the  ripple 

in  this  case  to  be 

eyVfl*-X*-^«+ (a«-X«)  ate  «n^7^,«2cX*, 

where  the  arbitrary  constant  has  vanished  on  assuming:  that  tiie 
ripple  pasBes  through  the  origin.  The  tansrent  of  the  inclination 
of  Uie  ripple  to  the  current  at  any  point  a,  y  has  of  course  the  value 

which  yariea  between  the  mmimum  iuuit  -j^^  at  the  origin, 
and  the  maxiuium  oo  at  the  point  A,  whose  coordinates  arc 


4  c\  c 
Further,  since  the  equation  is  unchanged  when  x  and  //  aie 
replaced  by  —x  and  -y,  it  is  evident  that  the  ri])ple  consists 
of  two  similar  branches  \n  opposite  quadrants,  and  has  a  point  of 
inflexion  at  the  origin,  where  it  is  least  inclined  to  the  current. 
Proceeding  from  this  ])oint,  its  inclination  to  the  current  in- 
creases iHTtil,  at  the  points  A  and  A',  current  untl  ripple  arc  at 
right  angles  to  each  other.  Here  the  latter  ends  abruptly,  in 
consequence  of  the  velocity  of  the  current  having  become  equal 
to  that  with  which  the  wave  is  propagated  (art.  11). 

Tn  Plate  L  fig.  1,  let  O  X  be  the  direction  of  the  eorrent,  and 
let  Its  velocity  at  any  point  of  a  line  parallel  to  OX  be  repre- 
sented  by  half  the  chord  which  is  intercepted  upon  that  line  by 
an  ellipse,  X  Y  X'  Y'.  Let  the  aemi-ehorda  A  B  and  A'  B'  remje- 
gent  the  velocity  X  with  which  the  wave  is  propagated.  The 
curve  V  0  A  will  then  represent  the  ripple  produced  by  partiaUy 
immersing  a  body  at  any  one  of  its  pomts,  as  A'.  The  tangent 
0  C  at  the  point  of  iidexion  0  is  easily  constructed,  smce  it 
passes  at  the  distance  Xa=XC» AB  from  the  vertex  X*. 

18.  In  order  to  test  by  experiment  the  law  enunciated  in 
art  9,  two  methods  suggest  themselves.  FwH,  to  examine  the 
ripples  produced  by  a  stationary  jet  falling  into  currents  of  dif- 
ferent but  known  velocities  j  and  secondly ,  to  give  to  the  jet  or 
partially  immersed  body  a  definite  motion,  the  water  being  mo- 
Sonless.  This  second  method  has  many  advantages,  arising 
ftom  the  fact  that  the  motion  of  the  jet  is  more  un  de  r  our  con- 
tiol  than  that  of  a  current,  which  in  general  vanes  tVoiu  point 
•  Compere  Ihe  fig.  in  efaapter  29  of  *  Gladeis  of  the  Alps.' 
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to  point  according  to  imperfectly  known  laws.  Now  of  all  con- 
ceivable motions  which  might  be  imparted  to  the  jet,  a  circular 
one  is  beyonrl  (]oM})t  most  feasible  ;  so  that  we  are  naturally  led 
to  iTiquire  ir/iai  tr/il  be  the  farm  of  the  rippfp  prodnrprf  hy  n  jet 
which,  fiK  it  falls  into  still  water,  describes  a  circle  with  a  gwm 
constant  velocity  u. 

We  shall  throughout  assume  the  velocity  \  with  which  the 
waves  are  propagated  to  be  indepeodeDt  of  the  magnitude  of  the 
latter,  and,  in  accordance  with  art.  4,  we  shall  seek  the  envelope 
of  the  several  waves  which  the  moving  jet  originates.  There  is 
one  case  where  the  nature  of  this  envelope  can  be  at  once  deter- 
mined :  it  is  when  the  jet  moves  with  the  same  velocity  X.  as  the 
waves.  For  at  the  moment  when  the  jet  arrives  at  a  point  A 
(fig.  2),  the  wave  which  it  proilaced  when  at  B  will  have  acquired 
a  radius  equal  to  the  arc  A  B ;  instead  of  intersecting^  therefore^ 
every  two  successive  waves  around  B  and  B'  will  touch  each 
other^  the  difference  between  their  radii  being  equal  to  the 
distance  B  B'  between  their  centres,  and  their  point  of  contact 
A'  will  be  in  the  tangent  to  the  circle  at  the  point  6 ;  in  fact, 
the  ripple  in  this  case  will  be  the  moohU  of  the  eirde  A  A'  C, 
or  the  curve  formed  by  unwrapping,  under  tension,  a  string  ori- 
ginally wrapped  rouna  the  circle  as  far  as  A.  If  the  velocity  of 
the  jet  were  less  than  X,  the  successive  waves  would  precede  the  * 
jet,  and  neither  intersect  nor  touch  each  other ;  in  other  words, 
there  would  be  no  rijiple.  ]5ut  if  the  velocity  of  the  jet  exceed 
X,  the  ri))plc  will  separate  into  two  branches  (tig.  7),  one  of  which 
will  be  outside  the  circle,  whilst  the  other  will  enter  it;  but 
since  the  waves  continue  to  increase  in  radius,  this  latter  branch 
will  neecssanly  leave  the  circle  again,  and  never  re-enter  it.  In 
art.  20  we  shall  lind,  in  fact,  that  this  branch,  alter  approaching 
to  within  a  certain  distance;  of  the  centre,  suddenly  turns  and 
recedes,  the  turuing-poiiiL  ui  cubp  C  being  due  to  the  intersec- 
tion iii  ihat  point  of  Mre*? successive  waves.  In  experiments  this 
cusp  is  tolerably  well  defined;  and  its  position  is  the  more  im- 
portant^ since  it  bears  a  very  simple  relation  to  the  velocities  u 
and  \ ;  in  fact,  we  shall  find  that  Ae  distance  of  the  eusp  from  the 
centre  of  the  circle  described  by  the  jet  has  to  the  radius  of  that 
circle  the  same  ratio,  that  the  vdocity  \  of  propagation  has  to  the 
velocity  u  with  which  the  jet  moves. 

14.  For  the  sake  of  future  applications,  it  will  be  more  con* 
venient  to  deduce  the  form  of  the  ripple  above  considered  firom 
the  solution  of  the  following  more  general  problem. 

A  jet  which  describes,  with  uniform  velocity  ii,  a  fixed  circle 
with  radius  a,  faUa  into  a  current  whose  velocity  v  and  direction 
ai'e  the  same  at  every  point  of  its  surface ;  required  the  form  of 
the  ripple. 
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Let  the  centre  of  the  circle  be  taken  as  the  orij^in  of  coordi- 
nate axes,  one  of  which — the  ordinate  axis — is  |)arallel  to  the 
dircctiou  of  the  current.  To  fix  our  ideas,  let  us  suppose,  too, 
that  after  having  rotated  for  an  indefinite  period  in  the  direction 
oppoaed  to  that  of  the  bands  of  a  dock,  the  jet  has  at  length 
reached  the  position  A  (fig.  3]  defined  by  the  angle  A  0  Xs*^. 
The  centre  of  the  circular  ware  which  the  Jet  originated  when  in 
any  position  will  have  been  carried  with  the  current  along 
the  line  B  C  parallel  to  the  ordinate  axisi  and  its  radius,  from 
being  zero,  will  have  increased  to  a  certain  magnitude  C  M. 

The  arc  A     the  line  B  C,  and  the  radius  G  M  being  described 
in  the  same  time,  we  shall  clearly  have  the  proportions 

AB:BC:CM=M:r  :X; 

80  that,  on  representing  the  angle  AOB  by  ^,  and  the  ratios 

X  V 

-  and  -  by  a  and  /3  respectively,  we  shall  have 

A5=fl<^,    CM^aafl>,  W-aP<\>; 
and  the  coordinates  f,  ri  of  the  centre  C  of  the  circular  wave 
will  be  |=«cos(t-<^)), 

17     ain  ('^—  ^} + ofi^  i 
whilst  the  equation  of  this  wave  will  be 

[jr— acos('<^  —  (^)V^4-  [y— flsin('^— <^)  — tf/9<^]*— e*a-(/i^  =  ().  (.21) 

The  equation  of  the  immediately  succeeding  wave  will  he  ob- 
tained from  tins  by  changing  <f>  into  0 -I- ;  the  intersections 
of  the  two  waves  will  be  two  points  on  the  npple,  and  tlieir  co- 
ordinates will  clearly  satisfy  the  equation  (21),  as  well  as  its  dif- 
ferential according  to  0.  The  equation  of  the  ripple,  therelbre, 
at  the  moment  the  jet  reaches  the  point  A  defined  by  the  angle 
will  result  from  the  eliuiiuatiun  ui  between  (21)  and  the 
equation 

[a?— flcos  (i/r— 0)]  sin  {yfr  —  <j>)  —  [y  — asm  (y^  —  <p)—aj3(p] 

[cos  (i/r-</)) +fl«2(/)=0,  (22) 

which  is  simply  that  of  the  chord  of  intersection  of  the  two  suc- 
cessive circular  waves.  In  a  similar  manner,  the  equation  of  the 
chord  of  intersection  of  the  second  of  the  above  waves,  and  a 
third,  immediately  following  the  same,  will  be  found  by  putting 
^+1^  in  place  of  <^  in  (22) ;  and  the  coordinates  of  the  point 
in  which  these  two  chords  cut  each  other  will  satisfy  both  (22) 
and  its  differential  according  to  ^,  which  is 

[af—«cos       ^)]cos  (^— </>)+  [y— asin  {y^—<t})—al54i] 
sin(^-^)  +  fl[l-«^  +  i9'-2^co8(^-^]»0.     .  (23) 
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If  the  three  successive  waves  intersect  in  a  point,  the  two  chords 
will  also  pass  throup^h  that  point,  and  its  eoorciinates  will  conse* 
quently  satisfy,  simukaneously,  the  three  equations  (21),  (22), 
(2t3).  The  })osition  of  the  cusps  of  the  ripple  at  the  moment 
the  jet  reaches  A  will  be  found,  therefore,  from  the  two 
equations  which  result  from  eliminating  <f>  from  the  last  three 
equations.  These  two  equations  will  of  course  contain  the 
angle  ifr  which  defines  the  position  of  the  jet ;  if  the  latter  1^ 
also  eliminated,  the  resulting  equation  will  be  that  of  the  curve 
described  by  the  cusps  as  the  jet  rotates. 

It  will  be  at  once  observed  that  the  elimination  of  and  ^ 
from  the  above  equations  is  equivalent  to  the  elimination  of  the 
three  variables  sin  (^—<t>),  cos(^— and  ^  from  those  equa- 
tions in  conjunction  with 

biii^      —  ^)  4- C06^  (i|r— ^)  =  1  ; 

SO  that  in  the  result  all  circular  functions  will  disappear ;  that  is 
to  say,  as  the  jet  rotates,  the  cusps  of  the  ripple  will  describe  an 
algebrairnl  rurve.  Particular  cases  r  xrppfrd,  the  order  of  this 
curve  is  hipli ;  for  instance,  when  the  three  velocities  \,  m,  and  v 
are  equal,  it  reaches  the  eighth  order ;  when  v  vanishes,  however, 
it  becomes  a  circle  (art.  20). 

If,  lastly,  we  eliminatea-  and  y  from  the  equations  f;Jl),  (22), 
(23),  we  shall  obtain  the  relation  between  <f>  and  which  corre- 
sponds to  the  cusps  at  the  moment  under  consideration,  i.  c. 
when  the  jet  reaches  the  po*sition  A. 

15.  Before  proceeding  further,  however,  it  will  be  useful  to 
examine  the  locus  (20)  of  the  centres  of  the  circular  waves  at  the 
moment  under  considenition.  On  eliminating  ^  from  the  equa- 
tions (20),  the  equation  of  this  locus  will  be  found  to  be 

^   p 

from  which  we  leam  that  the  curve  undulates  between  the  two 
lines  (ss  ±a  parallel  to  the  ordinate  axis,  and  that  the  successive 
unduUtioDs  areprecisely  similar,  the  length  of  each  undulation 
being  27ra^.  lUie  form  of  each  undulation  differs  according  as 
/8  is  less  than,  equal  to,  or  greater  than  I,  and  in  the  following 
manner: — First,  when  /3^l,i.e.  when  the  velocity  of  the  cur- 
rent is  less  than  that  of  the  jet,  the  curve  consists  of  a  series  of 
loops,  ABCDEF  ^hg.  5),  the  distances  between  the  points 
B,  D,  F,  where  it  touches  the  line  X'F,  -as  well  as  between  the 
points  C,  E,  where  it  i ouches  the  hue  X  E,  beinir  J^TrayS.  The 
branches  B  C  and  CD,  however,  are  not  symmetrical.  As 
increases,  the  loops  diminish  untd,  secondly,  when  /3=1,  they 
become  transformed  into  cusps  b',  D',  at  which  the  tangents  ai'e 
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parallel  to  the  abscissa  axis.  Lastly,  when  1,  the  loups  and 
cusps  disappear,  and  are  replaced  by  points  of  indexion, 

which  lie  on  the  line  {  =  —  3.  A  somewhat  clearer  image  of  the 

P 

ripple  may  be  obtained  by  regarding  it  as  the  envelope  of  a  circle 
whose  centre  M  moves  along  one  of  tlie  three  curves  of  liir.  5, 
and  whose  radius  increases  proportionally  to  the  distance  M  N, 
measured  along  a  parallel  to  the  urtiinate  axis,  between  its  centre 
and  that  portion  X  X'  of  the  circumference  of  the  circle  whose 
concavity  is  turned  in  the  same  direction  as  that  of  the  portion 
B'  M  C  of  the  curve  along  which  the  centre  is  moving. 

16.  To  ret  urn  to  the  equations  of  the  ripple :  let  us^  for  brevity, 
put 

sin  {'>fr  —  (f))=  fL,   cos       ^) = V ; 
the  equations  (21),  (22),  (23)  will  tlien  become 
(«-wi)«+  (y--/itf-/8^)«-a«</>V=0, 
f^{»^ya)  +  09-ir)(y-^-/9^) +«>i=0,:  }.  (24) 

va)  +  fiiy—fjLa—ficjxt)  +  (1— «*H-i8«— 2v^)fl: 
The  first  two  equations,  when  solved  for  x  and  y,  give 


=0.1 


where 


1 


(25) 


R  =  l~«2^y^-2iSK  (26) 

In  theae  values  of  the  coordinates  of  any  point  of  the  ripple  the 
upper  and  lower  signs  correspond,  and  refer  to  the  two  distinct 
branches  into  which  the  ripple  divides  itself. 

On  eliminating  x  and  y  from  the  thiee  equations  (24),  the 
reault  will  be  found  to  be 

This  is  the  equation,  mentioned  at  the  end  of  art.  14,  which  is 
satislied  by  the  values  r>t  ci>  corresponding  to  the  cusps. 

17.  When  the  value  of  </>  is  such  as  to  make  11  ==0,  the  two 
branches  of  the  ripple  meet,  and  from  (25)  the  points  of  junction 
lie  in  the  curve  represented  by 

x^ay^a^i^A  

which  may  be  easily  shown  to  be  the  involute  of  the  circle  formed 
by  unwrapping  the  circle  backwards  from  the  point  A,  where  the 
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jet  has  reached.  Further,  if  \  be  the  angle,  opposite  to  the  side 
A,  in  a  triangle  whose  sides  are  respectively  proportiotidi  tu  tiie 
veloeities  X,  u,  and  v,  we  shall  have  the  relation 

X«=u^-f  t'*-2wt'cosX;      ,    .    .    .  (21)) 

or^  dividing  by     and  introducing  the  ratios  «  and    (art*  14), 

This,  compared  with  (26),  shows  that  the  condition  R=0  ig 
satisfied  ^hen 

i'=cosX,  and  ft=  +  sinX;    .    .    ,  (30) 

so  that  the  result  of  eliminating  f^,  v,  and  ^  from  (28)  and  the 
equation  EsQ  will  be  * 

A'CosXiy  8inX=a. 

This  is  the  equation  of  the  curve  described  by  the  junction  points 
of  the  branches  of  the  ripple  as  the  jet  describes  its  circle,  which 

cun'e,  as  is  at  once  «=een,  consists  of  two  right  lines  touching 
that  circle  at  points  li  and  B'  (tig.  6),  whose  angular  distances 

BOXfWOJL  from  the  abseissa  axis  are  each  equal  to  X.  Now^ 

since  an  angle  X  fulfilling  the  condition  (29)  can  always  be  found 
when  the  velocities  iij  v  form  a  triangle,  that  is  to  say,  when 
any  two  of  theae  vehcitiet  together  exceed  the  third,  we  conclude 
that  under  these  conditions  the  ripple  will  always  break  up  into 
cl  os(  (1  curves  or  loops,  in  consequence  of  the  two  branches  of  the 
ripple>  whieh  in  other  cases  are  always  distinct,  nicetinp^  each 
other.  These  meeting  points  describe  the  tangents  (30)  BC,  B'C 
as  the  jet  rotates,  and  their  position  at  any  moment  is  determined 
by  the  intersections  C,  C,  &c.  with  these  tangents,  of  the  involute 
A  C  C  of  the  circle^ — ^tbe  latter  being  supposed  to  move  with 
the  jet. 

The  physical  character  of  these  meetinp;  points,  as  will  be  im- 
mediately shown,  is  that  the  ripple  is  there  least  prominent,  so 
that  the  tangents  (30)  B  C,  B'  C'  represent  two  lines  along  which 
the  surface  of  the  current  is  apparently  least  disturbed.    If  the 

angle  between  them,  which  is  equal  to  2X,  were  determined  by 
experiment,  and  the  velocity  u  of  rotation  were  also  known,  the 
equation  (29)  would  "erve  to  dcternune  either  of  the  velocities 
X  or  V  as  soon  a«?  tin  ofher  was  f^iven. 

18,  The  above  results  will  be  further  elucidated  by  consider- 
ing the  resultant  relative  velocity  of  the  current  and  jet  at  any 
point  A,  4?.  This  resultant  will  clearly  he  represeuted  in 
direction  and  magnitude  by  the  diagonal  A  K  ut  a  pai  allelograiii 
whose  sides  A  V  parallel  to  0  Y,  anil  A  U  perpendicular  to  A  O, 
respectively  represent,  in  direction  and  magnitude,  the  velocities 
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of  tlie  current  and  jet  The  angle  at  U  bein  g  c  qital  to  the  angle 
AOXflB^i  the  magnitude  of  this  resultant  is  expressed  by 

(B)  =  v'tt^+r«-2Mvcosi^,  ....  (31) 

and  beoomea  equal  to  \,  the  velocity  with  which  circular  waves 

are  propagated,  when  that  is  to  say^  when  the  jet  reaches 

either  of  the  points  B,  B'  of  the  foi  ci^olug  artide  (fig.  6).  For 
alt  positions  of  the  jet  in  the  arc  B  X  the  resultant  (B)  will  be 
less  than  \,  and  for  all  points  in  the  are  B  X'  B'  greater ;  so  that 
by  art.  11,  the  jet  will  only  commence  producing  a  ripple  when 
it  reaches  the  point  and  will  cease  doing  so  as  soon  as  it 
reaches  the  point  B'.  At  these  points^  B  and  B',  the  immediately 
adjacent  circular  waves  of  the  incipient  ripple  touch  each  other;  and 
tlie  point  of  contact  is  very  slightly  elevated  above  the  snrf'acL'  oi' 
the  current  at  adjacent  points  (art.  11);  further,  since  the  centres 
of  these  wavea  proceed  with  the  same  uniform  velocity  down  the 
current,  whilst  tli(  ir  radii  increase  with  the  same  velocity,  they  will 
clearly  continue  to  touch  each  other  along  the  line  13  U  or  B'C ; 
SO  that  these  imes,  as  above  remarked,  \\  ill  lines  of  least  appa- 
rent disturbance.  They  do  not  in  general  touch  the  i  ipple;  in  fact, 
they  do  so  only  when  the  resultant  velocity  (11)  =X  coincides  in 
direction  with  that  of  the  radius  OB  (or  O  IV),  in  other  words, 
when  t?*=X'+  iJiay  be  seen  by  a  glance  at  tig.  i.  This  case 
of  contact  is  represented  in  hg.  G_,  where  AD  C  E  represents  the 
first  closed  loop  of  the  ripple  when  the  jet  has  reached  the  point 
A,  and  B'  D.  C|  what  this  loop  becomes  when  the  jet  reaches 
the  point  W,  The  carve  D'  C'E/  represents  a  pcfftion  ^  the 
second  loop  of  the  ripple  corresponding  to  the  position  A;  it  is, 
in  fact,  a  portion  of  wnat  B'  becomes  as  it  floats  down 

the  current  during  the  time  that  the  jet  is  describing  the 
arcB'BA. 

19.  The  kw  enunciated  in  art.  9  leads  to  a  simple  method  of 
<  determining  the  velocity  of  a  current ;  to  apply  it,  however,  the 
vebcity  X  must  be  fint  determined,  and  the  velocity  of  the  eur« 
rent  experimented  upon  must  be  greater  than  X.  The  formula 
(31  )j  however,  suggests  two  other  methods  of  determining  the 
velocity  of  a  current,  which  do  not  require  a  previous  determina- 
tion of  X,  and  may  be  applied  to  all  currents.  They  are  briefly 
tlie  following : — 

1st.  The  jet  having  a  known  velocity  u,  let  the  positions  A 
and  A'  (Hg.  4)  be  found  at  which  the  divergence  between  the 
branches  of  the  ripple  has  a  given  magnitude,  and  call  2^  the 
angle  between  the  ladii  OA  and  OA'.  The  line  bisecting  this 
angle  will  be  perpciiclicwlm'  to  the  direction  of  the  current.  Let 
the  expernuent  be  now  repeated  with  a  different  velocity  Wj,  and 
let  2^,  represent  the  angle  now  subtended  at  the  centre  of  the 
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circle  by  the  two  positiong  of  the  jet  at  which  the  divergence 
between  the  bnmehesof  the  ripple  is  the  same  aa  before.  Then, 
since  the  divergences  are  the  same  in  both  experiments,  it  fol- 
lows from  art.  10  that  the  resultant  velocities  (R)  and  (R))  will 
be  equal;  so  that  by  (31)  we  have 

cos  +1^— COS -^i, 

whence  we  deduce 

_  1 

2  u  cos       111  cos 

2nd.  Let  the  positions  A  and  A'  be  found  at  which  the  angle 
between  the  branches  of  the  ripple  is  bisected  by  the  production 
of  the  radius.  In  this  case  the  resultant  velocity  (R)  will  coin- 
cide in  direction  with  the  radius  at  each  of  the  points  A  and  A', 
whoie  angular  distance  asunder  is  and  from  fig.  4  we  deduce 
at  once  the  lelation 

tl 

cosy 

20.  The  case  alluded  to  in  art.  13,  where  the  jet  describes  a 
oirole  in  still  water,  may  now  be  easily  disposed  of  by  making 
«aiO,  and  therefore  /^ssO,  in  the  general  case  treated  in  art.  14. 
In  this  manner  the  equations  (24)  become 

(af— af)/!*— (y— +«*a  ^  a=0,  .  .  (32) 
(ap— <ir)F  +(sr— (l—«*)ff=0;^ 

or,  by  simplifying, 

*M-y^+«*«^=o,  \  (3d) 

of  which  the  first  two  represent  the  ripple,  and  all  three  are 
satisfied  by  the  coordinates  of  its  cusp.  If  ^,  be  the  value  of  ^ 
which  corresponds  to  this  cusp,  we  hud  immediately,  by  elimi- 
natiug  X  and  y  from 

^-V2EZ»5i^5,    ....  (34) 

which  will  always  be  real  and  positive  when  ti  exceeds  X.  This 
same  value  of  </>  might  be  obtamed  from  (27)  by  putting /3ssOj 
by  means  of  it  and  the  last  of  equations  (33)  the  first  becomes 

which  ia  the  equatioii  of  the  circle  described  by  the  cusp  as  the 
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jet  rotates.  Putting  r  in  plucc  of  v^a-^+y^,  it  leads  to  the 
relation 

 (86) 

expressed  in  art.  13. 

To  obtaiu  simple  expressions  for  the  cooidiiiattb  i/i  of  the 
cusp  corresponding  to  a  given  position  of  the  jet,  it  is  merely 
necessary  to  observe  that  the  form  of  the  present  ripple  does  not 
alter  as  the  jet  rotates;  so  that  we  may  refer  its  equation  to  co- 
ordinate axes  which  rotate  with  the  iet^ — the  abscissa  axis  being 
at  the  angular  distance  AOXs^i  behind  the  jet  (fig.  7).  By 
so  doing  /i  and  v  become  respectively  sin  (<^i —(j))  and  cos  (^^ — ^) ; 
and  the  two  last  of  theeqnations  (83)  give,  on  substitutrng  for  ^ 
its  value  (84),   

so  that  if  we  call  0^  the  angular  distance  AOC  of  the  cusp  C 
behind  the  Jet,  we  have,  in  virtue  of  (85),  and  BinceC6x  — 
sin  (^ — 6{)  =  COB  (<^j — 6i)  =  a, 

._x/l-a«_,,„_,yi-,'. 

whence  it  follows  that  6^  increases  as  a  diminishes,  in  other  words, 
as  « increases. 

Again,  since  the  tangent  to  the  ripple  at  any  point  coincidii 
with  the  tangent  to  the  circular  wave  which  there  touches  it,  w« 
have  from  the  first  of  equations  (82), 

^  =  .......  im 

"With  reference  to  our  new  coordinate  axes,  the  values  of  v  and  fj, 
at  tiie  cusp  are  1  and  0  respectively ;  and  these,  together  with 
the  values  in  (36),  give,  when  substituted  in  (38), 

and  show  that  the  radius  vector  OC  is  the  tangent  at  the  cui^p. 
The  polar  equation  of  the  ripple,  with  reference  to  an  axis 
passing  through  the  jet  and  moving  with  it,  is  easily  seen  to  be 

r8in(^-^)«a«ii^,       J    *   •   \  ) 


Digitized  by  Google 


20     Sir  David  Brewster  on  certain  Ajjections  of  the  Rctma, 

wlim  B  and  ^  are  estimated  in  the  nine  direction.  To  find  the 
points  A  and  B  where  the  ripple  eats  the  circle^  r  must  be  re- 
placed by  a  in  these  eqiintiont;  on  iqaariog  and  adding  the  retnlta, 
it  will  be  found  that 

either   ^ = 0,  or  ^ = 2<^, ; 

the  former  has  reference  to  the  point  A»  and  the  latter  to  the 
point  B.  SubssUluuii*^  the  iaUcr  value  of  ^  in  we  have  in 
virtue  of  (37), 

tan (2^,--^)=  .  =  ^^-"J^illgi)  « tan (2^,-2^,), 

i-tan«(*i-^i) 

whence  we  conclude  ^=2^j ;  that  is  to  say,  the  radius  OC  to  the 
cusp  bisects  the  angle  formed  by  the  radii  OA,  OB  to  the  two 
points  where  the  ripple  enters  and  leaves  the  circle. 

Lastly,  when  «=1  orX=M,  the  two  firat  of  equations  (33) 
reduce  themselves  to  the  system  (28),  which,  as  we  know,  repre- 
sents the  involute  of  the  circle.  This  verification  of  the  result 
contained  in  art.  13  may  be  most  easily  niude  by  j)uttin^  a  =  l, 
;^=U,  and  }  If  lice  R=0,  in  the  equations  (25),  whicli  are  equiva* 
lent  to  the  system  (33) » 


11.  On  certain  Affeeiwm  of  the  Retina, 
By  Sir  Datid  Bbxwbteb,  KJI.,  D.C.L,, 

IN  three  articles  published  in  the  Philosophical  Magaiine  for 
1884 I  have  deseribed  sereral  affeetions  of  the  retina, 
which  since  that  time  I  have  freauently  had  occasion  to  study. 
Mrs.  Marv  Griffiths  of  New  York  had  observed  ''a  reticalated 
or  network  stmcture  npon  opening  her  eyes  for  the  first  time  in 
tbe  morning t<  ''At  one  moment/'  she  says,  ''the  meshes  of 
the  network  were  of  a  dull  brickdnst  colour,  and  tbe  spaces 
between  were  of  a  pale  dingy  yellow ;  and  in  the  next  moment 
the  ease  was  reversed — the  meshes  and  intersections  were  of  tin's 
pale  din^  yellow,  and  the  spaces  or  interstices  were  of  a  dull 
Vriek-colour/'  She  describes  tlic  meshes  as  generally  the  Jifth 
of  an  inch  in  diameter,"  but  without  teUing  us  the  distance  of 
the  surfaee  vpfm  wliich  this  measurement  was  made. 

Having  believed  it  possible  to  determine  experimentally 
whether  a  beam  of  light  was  a  continuous  stream  like  a  stream 
of  water,  or  a  stream  in  which  the  parts  were  at  such  a  di*:tance 
as  to  maintain  a  continued  iinpres^ion  on  tlie  retina,  I  received 
a  narrow  beam  of  solar  light  npon  a  white  ground,  and  made  a 
strip  of  white  card  pass  rapidly  back  and  forwards  across  tbe  beam^ 

*  Communicated  by  tbe  Author. 
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comparinp:  llic  luminosity  of  the  disc  wliich  it  reflects  with  that 
of  the  fixed  circular  s})ot  upon  tlie  paper.  In  these  experiments  I 
ol)?ri'ved  two  interesting  facts, — that  the  reliected  disc  of  light 
exhibited  diffeicnt  colours  in  different  parts  of  it,  and  tliat  it  was 
more  luminous  than  the  beum  received  upon  the  white  ground 
when  no  part  of  it  was  reflected  by  the  moving  card. 

Before  I  bad  cxauaiicd  these  phenomena  more  minutely,  I 
found  that  M.  Ecnedict  i'revost  had  published  an  interesting  paper 
in  the  Memoircs  de  la  Societe  de  Physique  et  d'Hisloi/  e  Naturelle  de 
Genh'c^y  and  liad  anticipated  mc  in  the  first  of  the  above  results, 
lie  agitated,  to  use  his  exprcssidu,  a  piece  of  white  card  across  a 
sunbeam  in  a  dark  room,  and  he  observed  that  the  circular  spot 
which  it  reflected,  in  place  of  being  white^  was  white  only  in  the 
centre.  Aroand  this  white  spot  was  a  moUt  spot,  growing  deeper 
as  it  receded  from  the  centre.  The  violet  spot  was  surrounded 
with  a  zone  of  deep  indigo,  very  well  defined^  and  resembling  the 
colour  of  the  Viola  tricolor*  Round  the  indigo  zone  was  one  of 
greenkh  yellow,  eaually  well  defined,  and  round  it  a  red  shade. 
He  considers  the  light  as  thus  decomposed  into  seven  principal 
colours ! 

''This  phenomenon/'  he  adds,  ''is  produced  by  a  single  pass- 
age of  the  card  across  the  sunbeam,  which  proves  that  it  is  inde- 
pendent of  the  fatigue  of  the  eye.  Nor  docs  it  depend  immedi- 
ately on  the  agitation  or  motion  of  the  card,  but  only,  without 
doubt,  on  some  effect  of  this  motion,  and  particularly  on  this, 
that  the  illuminated  area  strikes  tlic  eye  only  during  a  very  short 
time;  for  if  the  card  is  sufficiently  large,  so  that  the  illuminated 
space  does  not  go  out  of  it,  and  notwithstanclinp:  the  agitation 
of  it  the  eye  rontiiiues  always  to  sec  it,  it  a|)})(  nrs  nhite  as  if 
it  was  seen  at  rest,  and  there  is  no  longer  any  appearance  of  the 
decomposition  of  the  light/' 

Keckoning  from  the  centre  of  the  disc,  the  colours  observed 
by  M.  Prevost  are  as  follow : — 

White. 
Violet. 
Deep  mcli^o. 
Greenish  yellow, 
lied  shade. 

In  the  experiments  which  I  made,  I  sometimes  agitated  m 
naiTOw  slit,  or  a  series  of  parallel  slits,  in  a  black  card,  across 

a  cn  eular  aperture  in  another  black  card,  or  across  an  aperture 
in  the  window-shutter  of  a  dark  room  ;  or  I  looked  at  a  white 
surface,  or  a  white  disc  tlno  iirh  ihv  Flits  of  a  revolving  disc,  as 
described  in  one  of  the  papers  akeady  referred  to.   By  these 

•  Vol.m.iMit2.p.l21. 
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methods  I  found  that  the  white  disc,  or  apcrtiirr,  wus  n-hifrsi  in 
the  centre  at  certain  velocities,  -md  when  the  huHit  was  Ntmnjr, 
but  that  it  was  hlni^h  when  the  lii^ht  was  ni()il:  i'a;(  .  Tlit'  tol- 
lowiti^:  was  the  order  and  character  of  the  tiuu^  reckoning  from 
the  centre : — : 

White  or  bluish. 
Darker  bine. 

mite. 

A  dark  riug^  pretty  well  defined. 

mite. 

Gn  ( iiish  yellow, 
lieddish. 

These  colours  varj-,  within  certain  limits,  with  the  sensibility  of 
the  eye  and  the  intensity  of  the  light.  I  have  :*ometinies  observed 
the  centre  of  the  disc  darkixk  blue,  and  sometimes  yelltur.  Wlien 
the  velocity  is  great  and  the  disc  seen  distiactly,  there  is  not  the 
slightest  trace  of  colour. 

Phi  II 0111  cna  somewhat  analogous  to  these  may  be  seen  in  the 
flame  of  a  spirit-lamp,  and  in  other  tlames,  whei*e  the  effect  is 
caused  by  the  shootmg  up  of  the  tiame,  which  produces  success- 
ive impulses  on  the  retina.  At  the  top  of  the  flame  are  seen 
several  (  u'ves,  convex  upwards,  like  elongated  parabolas.  They 
are  generally  of  a  sap  or  olive-green  colour  ;  and  sometimes  the 
most  brilliant  red  tints  appear  where  the  uppermost  curve  opens 
at  its  vertex,  and  leaves  two  lateral  and  almost  parallel  branches. 

Gokim  timilar  to  those  discovered  by  M.  Prevost  have  been 
recently  obsemd  by  Mr.  John  Smith  of  the  Perth  Academy*, 
who  draws  from  them  what  he  justly  calls  many  startling  con- 
clusions/' M.  Prevost  and  this  writer  have  greatly  misappre- 
hended tiie  nature  of  these  phenomena.  'Whue  the  Swiss  phi- 
losopher considers  them  as  ''independent  of  the  fatigue  of  the 
eye/'  and  as  exhibiting  a  new  decomposition  of  light  by  motion^ 
Mr.  Smith  pronounces  them  to  be  "  produced  by  alternate  light 
and  shade  in  various  proportions;"  and  he  regards  them  "as 
the  non.homogeneity  of  aether — as  prtmng  the  undulatory 
hypothesis,  but  opposing  the  undulatory  theory — as  contrary  to 
the  idea  of  the  waves  of  light  having  different  lengths — ^as  help- 
ing to  explain  many  of  the  phenomena  of  polarization — and  as 
giving  a  new  explanation  oi  prismatic  retraction different  fxtm, 
that  of  Newton ! 

Although  we  cannot  adopt  these  conclusions,  yet  the  phe- 
nomena, when  carefully  studied,  as  being  the  effect  of  suc- 
cessive impulses  on  the  retina,  acting  in  the  manner  which  I 

*  ''On  tbeFh>d]ietiimofGoloiiraadiheTbeoiyof  IdshV'Beportof 
the  Biitish  Assodatum  st  Abeideen^  1869f  Tnns^  p.  22. 
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have  described  in  the  Philosophical  Magazine  for  1834,  have  aa 
intereit  of  a  dififerent  kind.  Whrn  the  lominoas  impressions 
snooeed  eaeh  other  at  a  certain  interval,  the  luminooa  eve^ 
when  small,  exhibits  a  reticulated  stmcture  like  a  mosaic  pave- 
ment composed  of  dutinct  hexagons  delineated  in  black  linen 
(sometimes  with  a  black  spot  in  their  centre),  indicating  that 
those  portions  of  the  retina  are  temporarily  insensible  to  light. 

In  order  to  see  this  phenomenon  distinctly,  we  must  employ 
a  laigc  disc  uniformly  illuminated,  snch  as  a  p;lass  globe  ground 
on  both  sides,  or  a  plate  of  ground  glass.  When  the  revolving 
disc  has  a  particular  velocity,  the  illuminated  surface  will  be 
seen  covered  with  the  hexagonal  pattern  already  mentioned;  and 
as  the  velocity  diminishes,  the  pattern  breaks  up,  exhibiting  por- 
tions of  circles  and  imperfect  crosses,  the  exact  forms  of  which 
it  is  difficult  to  describe.  In  daylight,  when  the  light  of  the  sky 
is  used,  the  colours  which  accompany  these  phenomena  are 
better  seen,  and  also  the  variations  which  they  undergo  in  rcftT- 

ence  to  the /oramm  cetUraie  of  the  retina,  as  described  in  a  ioxmef 

paper. 

^Vhen  we  maintain  the  revolvin":  disc  at  that  particular  velo- 
city which  produces  the  hexaironal  pattern,  so  that  the  retina 
may  be  greatly  excited,  a  beauutul  pattern  of  a  very  ditlerent 
kiiid  makes  its  appearance,  occasionally  mixing  itself  with  the 
first  pattern,  but  most  beautifully  seen  opposite  the  dark  inter- 
vals between  the  slits  of  the  disc  when  the  velocity  h'ds  become 
very  slow,  and  tlic  disc  is  nearly  at  rest.  This  pattern,  which 
is  too  evanescent  to  permit  it  to  be  drawn,  consists  of  a  series  of 
dark  quadrangular  spaces  separated  by  a  triple  or  multiple  line  of 
light.  It  has  no  rdation  whatever  to  the  hexagonal  pattern,  and 
is  never  seen  unless  when  the  eye  has  been  strongly  impressed 
by  the  successive  impulses  of  the  luminous  disc. 

When  we  observe  these  phenomena  at  different  distaneea  from 
the  illuminated  disc,  the  hexagons  always  subtend  the  sameanglei, 
which  I  have  found  to  correspond  with  a  space  on  the  retina 
equal  to  the  420th  part  of  an  inch ;  and  there  can  be  no  doubt 
that  they  are  produced  by  a  structure  of  a  hexagonal  character* 
In  so  far  as  the  human  retina  has  yet  been  studied,  no  structures 
of  a  hexagonal  character  have  been  discovered.  In  the  choroid 
coat,  however,  in  front  of  the  retina  nucleated  cells  of  a  shghtly 
hexagonal  form  have  been  seen  in  man  and  in  almost  all  mam- 
malia*; and  it  is  not  improbable  tbfit  the  parts  of  the  retina 
immediately  behind  these  hexagons  m:\y  be  so  alfccted  by  them 
as  to  produce  the  hexagonal  forms  which  we  have  described. 
With  regard  to  the  quadrangular  pattern,  in  which  the  dark 

*  Nttimeley,  *  On  the  Organs  oi  V  mon,'  p.  1/ 1,  and  plate  2.  tig.  7. 
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quadrangles  are  separated  by  several  parallel  briirht  lines,  it  is 
obviously  produced  by  some  structure  in  the  retina  itself ;  and 
it  is  possible  that  it  may  arise  from  some  re^lar  arranfcemcnt 
of  the  rods  in  the  coliuiiuar  ui  bacillar  layer  wliicli  liui>  nut  yet 
been  detected  by  the  microscope. 

The  hexagonal  pattern  is  very  distinctly  seen  in  the  flame  of 
a  coal  or  a  wood  fire»  at  that  particular  part  of  it  where  the  jets 
of  ignited  gas  succeed  each  other  at  the  proper  interval. 

Alter  making  these  experiments  for  some  days  in  succession, 
I  have  fonnd  that  the  hexagonal  pattern^  and  sometimes  even  the 
quadrangular  one,  is  seen  when  the  eye  is  accidentally  directed 
to  fidntly  illuminated  sui^um.  This  fact  seems  to  show  that 
the  pattom  is  rendered  visible  merely  by  the  excitement  of  the 
retina  with  the  action  of  light,  and  not  by  its  successive  impulses, 
the  black  lines  of  the  hexagons  and  the  dark  spaces  of  the  triangles 
requiring  a  longer  time  to  exhibit  the  action  of  the  faint  light 
than  the  other  parts  of  the  i*etina — a  property  which  I  have  found 
at  the  /aramm  eenirak,  and  at  various  points  of  the  retina  at  or 
near  the  ora  serrata,  its  anterior  margin. 

As  an  inducement  to  optical  observers  to  investigate  any  of  the 
abnormal  pbpnomcna  of  vision  whirli  niav  come  under  their 
notice,  I  give  the  following  list  of  properties  or  structures  in  the 
retina  which  have  been  discovered,  or  are  manifested,  by  optical 
observations. 

1.  Thepoianzmgsl  nicturewhichproducesHaidinger'sbrushes. 

2.  The  indensibiliiy  of  the  roiiua  at  the  entrance  of  the  optic 
nerve. 

3.  The  exhibition  of  the  foramen  centraU  by  its  inferior'sensi- 
bility  to  feeble  light. 

4.  The  different  scuiiibility  to  light  possessed  by  different 
parts  of  the  retina. 

5.  The  inability  of  the  retina  beyond  the  foramen  to  maintain 
a  sustained  vision  of  objects. 

6.  The  increased  luminosity  of  objects  seen  indirectly,  or  by 
the  parts  of  the  retina  bevond  the  foramen, 

7.  The  hexagonal  and  quadrangular  structure  described  in 
the  preceding  pages. 

To  these  we  may  add  the  existence,  in  the  vitreous  humour, 
of  the  remains  of  vessels  no  longer  required  for  its  support,  and 
the  existence  of  cells  in  the  same  humour,  as  proved  by  the  phe* 
Domena  of  Muscse  volitantes,  formerly  described  in  this  Ma- 
gasine. 

Allerly  by  Mclrogc, 
November  30,  1860. 
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HI.  Proposal  for  n  nciv  rcprodvcihlc  Siandard  Measure  of  Resist" 
ance  to  (Jaivamc  Cwrrenis.    By  M.  VVebnek  Siemens*. 

[With  a  Plate.] 

THE  want  of  a  generally  received  standard  measure  of  cur- 
rent resistance,  and  the  great  inconveniences  thence  arising, 
especially  in  technical  physics,  suggested  to  me  some  years  ago 
the  experiinciit  T  nm  about  to  describe. 

My  original  object  was  to  ])rocure  for  Jacobi's  standards  a 
more  general  introduction  into  the  arts.  I  soon  found,  how- 
ever, that  this  could  not  be  effected  without  inconvenience.  On 
one  occasion,  several  of  Jacobi's  standards  that  I  had  ])rocured 
were  so  entirely  at  variance  \Yith  each  other,  and  their  actual  re- 
sistances agreed  so  little  with  what  they  ought  to  have  been, 
that  I  should  have  been  obliged  to  have  had  recourse  to  Jacobi's 
original  measure,  only  that  it  was  not  then  at  my  disposal.  In- 
dependently of  this,  however,  I  became  convinced  that  a  stand- 
ard measure  of  resistance  is  only  adapted  for  general  use  when 
U  is  easily  reproducible.  Whether  the  resistance  of  a  metal  wire 
is  altered  by  timei  by  the  shaking  of  transport,  by  the  passage 
of  corrents,  or  by  any  other  cause,  is  not  yet  absolutely  decided. 
It  is,  howerer,  very  probable  that  some  such  alteration  takes 
place,  and  it  is  therefore  altogether  inadmissible  to  take  the  re- 
sistance of  such  a  wire  as  the  unit-measure  of  resistance.  More- 
over such  standards^being copies  one  of  another,  as  must  unavoid- 
ably be  the  case  in  the  event  of  their  general  adoption,  their 
deviation  from  accuracy  would  be  continually  increasing;  and 
for  the  purpose  of  researches  which  are  to  be  conducted  with 
improved  instruments  and  with  great  accuracy,  mere  copies 
which  are  themselves  inaccurate  are  useless.  Besides,  it  would 
be  very  desirable  and  convenient  to  be  able  to  unite  a  definite 
geometnVal  conception  with  the  standard  measure  of  resistance, 
which  could  never  be  the  case  with  a  metallic  wire,  since  the 
resistance  of  a  solid  body  depends  greatly  on  its  molecular  state, 
and  on  the  almost  unavoidable  impurity  of  the  metal. 

The  absolute  standard  measure  appeared  to  mc  equally  ill 
adapted  to  general  use.  It  can  only  be  reproduced  by  means  of 
very  perfect  instruments,  in  places  especially  arranged  for  the 
purpose,  and  by  those  possessed  of  great  manual  dexterity ;  and 
moreover  it  liublc  to  the  grave  practical  objection,  that  it  does 
not  exhibit  itself  in  a  ])hysicul  form  \  and  laijtly,  the  luimbers  it 
involves  are  exceedingly  inconvenient  on  account  of  their  mag- 
nitude. 

The  only  praetieable  method  of  establishing  a  stan^Uird  mea- 
sure of  resistance  which  should  satisfy  all  requirements,  and 

*  Tnmslateil  by  Mr.  \\  Gutiinc  irum  PoggeuUorif's  Annalen,  No.  6,  for 
I860. 
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especially  which  anyone  could  reproduce  with  esse  and  with  suf- 
ficient accuracy^  seemed  to  me  to  be  to  adopt  the  resistance  of 
mercury  as  the  unit.  Mercury  can  easily  be  procured  or  ren- 
dered of  sufficient^  almost  indeed  of  perfect  purity.  As  long 
as  it  is  fluidi  it  has  no  different  molecular  states  affecting  its 
conducting:  power;  its  resistance  is  more  independent  of  tempc« 
rature  than  that  of  any  other  simple  metal;  and  finally,  its  specific 
resistance  is  very  considerable^  so  that  numerical  comparisons 
founded  on  it  as  a  standard  are  small  and  convenient. 

I  therefore  determined  to  try  if  it  were  possible,  by  means  of 
the  ordinary  ^r^ass  tubes  of  commerce  and  purified  mercury,  to 
obtain  bv  snifahio  methods  fixed  standard  measures  of  rf"-i«t;inre 
of  sufficient  :i  ■(  urary.  The  irreat  ilitliculty  seemed  to  be  the 
impossibihty  of  obtainiiii^  «;hiss  tubes  of  a  form  exactly  cylin- 
drical. The  dianu'trr  of  the  internal  cavity  of  ordinary  lI  iss 
tubes  generally  varies  irrejxularly.  By  gauprint;  them,  h<)\se\t"p, 
with  a  thread  of  mercury,  some  pieces  of  about  1  metre  long 
may  be  selected  out  of  a  great  number,  the  diameters  of  which 
vai  N  almust  uniformly.  Such  tubes  as  these  may  be  reijurdcd 
as  truncated  cones,  the  resistance  of  which  can  be  calculated. 
The  volume  of  the  cone  iilled  with  mercury  can  be  determined 
with  great  ease  and  accuracy  by  weighing  the  metal  contained. 

Let  AB CD,  Plate  11.  fig.  1,  be  such  a  truncated  cone,  rand 
R  being  the  radii  of  its  upper  and  lower  circubrextremitieSj  and 
/  its  length.  Let  M  N  be  a  section  parallel  to  the  fiame  A  B, 
and  at  the  distance  x  from  it;  let  dx  be  the  thickness  of  this 
section,  and  z  its  radius.  Then,  if  W  be  the  resistance  of  the 
cone  in  the  direction  of  its  axis,  and  dVf  the  resistance  of  the 
element  MN  in  the  same  direction. 

But 

TherefOTC,  differentiating  with  respect  U>  x, 

dz  _  R— r 

whence 

dx^  15 —  dz; 
K— r 

aud  by  substituting  this  vake  of  d!v  in  the  first  equation,  we  get 
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whence,  integrating  with  respect  to  z, 

^=1^-  w 

If,  now,  V  be  the  volume  of  the  truncated  cone,  G  the  weight 
of  the  mercury  contained  in  it,  and  a  its  specific  gravity,  then 

V-(ft«+Br+r«)y; 

and  dividing  both  aides  by  Rr,  we  have 

orcdling^-=<7.     V     /  1  \/,r 

whence  Brs=  ^   ^ 


''(v^+l+^)' 
«iid  puitang  ibr  V  its  valae 


Rr= 


G 


s/a 

which,  substituted  m  equation  (1),  gives 

 ^  (2) 

llie  value  of  W  fotmd  from  this  equation  is  obviously  ooneet 
for  eveij  eondactor  of  pyramidical  form,  as  long  as  a  repreaenta 
the  ratio  of  the  greatest  and  least  sections.  It  is  moreover 
equally  true  when,  instead  of  a  single  truncated  cone  of  length 
/,  any  number  of  equal  cones  be  substituted  whose  oolleetive 
length  is  /,  provided  only  that  in  each  the  ratio  of  the  greatest  to 
the  least  section,  or  its  reciprocal,  is  «• 

?or  in  this  case,  if 

where  X  is  the  length  of  one  of  the  cones. 
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or  .1 

1  4-  \ '  (I  -f  — 

G   3  

When  R  and  r  arc  nearly  equal,  the  conccUuu  for  the  conical 
form  of  the  conductor,  viz.  the  factor 

/-I        -     R  r. 

^  +  ^+Va  r  +  tt 

 i-—  — T~' 

differs  little  from  unity;  whence  every  tube  not  accuratdycylin* 
drical  may  be  regarded  as  a  truncated  pyramid  withoat  notice- 
nblc  error,  the  ratio  a  being  determined  from  the  greatest  and 
least  lengths  of  the  mercury  thread  employed  in  gauging  its 
capacity. 

By  a  series  of  experiments  I  now  ascertained  whether  the  cal- 
culated amount  of  the  resistances  of  a  number  of  tubes  of  vcn' 
different  mean  sections  agrrc  d  sufficiently  well  with  the  results 
of  mrasurement.    The  iiM>tliocl  I  pursued  was  as  follows: — 

Glass  tubes,  from  about  ;]  to  2  inilliuis.  i[i'>.ern;il  diauictcr^  were 
fastened  to  a  lone:  graduated  srale,  dr<)})s  of  uu  reury  were  intro- 
duced into  them,  and  the  length  ol'  the  thread  of  mercury  in  the 
tube  was  measured.  By  ineliniuLr  the  tube  under  exaniinatioii, 
the  thread  of  mercury  was  made  to  pass  srmduallv  down  Us  entire 
length  ;  and  thus  eveiy  piece  of  tube  of  about  I  metre  long 
which  appeared  most  nearly  eyhndrieal  or  unitornily  conical,  was 
detected.  These  pieces  were  then  cut  out  of  the  tube,  and,  by 
means  of  a  small  apparatus  constructed  for  that  purpose  by  M. 
Halske,  were  reduced  to  the  exact  length  of  1  metre.  The  tiiln  a 
so  prepared  were  then  carefully  cleaned.  Tiiis  was  most  cuiuc- 
niently  done  by  twisting  together  two  thin  German  silver  or  steel 
silk-covered  wires,  inserting  them  through  the  tube,  twisting  a 
pad  of  clean  cotton  to  the  projecting  end,  and  drawing  it  slowly 
and  cautiously  through  the  tube.  This  operation  required  to  be 
performed  with  some  care  to  avoid,  breaking  the  tube*  The  tube 
was  then  filled  with  clean  mercury  and  its  contents  weighed.  This 
operation  was  conducted  as  follows : — One  end  of  the  glass  tube 
was  fastened,  by  means  of  a  piece  of  vulcanised  caoutchouc,  to  the 
opening  of  a  small  retort  reoeiver,  such  as  is  used  in  chemical 
laboratories,  so  that  the  end  of  the  tube  projected  into  the 
receiver.  About  the  other  end  of  the  tube  an  iron  collar  was 
attached:  (fig.  2)^  by  means  of  which  a  smooth  iron  plate  could 
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be  screwed  up  against  the  month  of  the  tube.  The  receiver  was 
then  pi-opcrly  secured  and  filled  with  clean  mercni^j  which  was 
snffiered  to  ran  down  the  slightly  inclbed  tube  into  a  vessel 
placed  below.  When  all  the  air-babbles,  which  at  first  appeared 
adhering  to  the  sides  of  the  tube^  seemed  to  be  carried  away  by 
the  descending  stream  of  mercury,  the  lower  orifice  of  the  tube 
was  tightlv  closed  means  of  the  screw  and  plate ;  the  tube 
was  placed  in  a  vertical  position,  and  its  upper  end  withdrawn 
from  the  caoutchouc  covering.  When  this  was  done  with  care, 
the  vertical  tube  was  found  entirely  filled  with  a  column  of 
mercury  which  terminated  in  a  projecting  hemisphere  of  the 
metal.  The  upper  orifice  was  next  closed  by  pressing  against  it 
a  glass  plate  ground  fiat^  the  superfluous  metal  being  thus 
removed.  The  tube  Ix'ing  then  freed,  by  means  of  a  brush,  from 
any  globules  of  mercury  that  might  have  adhered  to  its  surface, 
was  emptied  into  a  glass  vessel,  and  its  contents  weighed  on  an 
accurate  chemical  balance.  When  the  precaution  was  taken  of 
letting  the  mercury  flow  slowly  from  tlic  tube  by  inclining  it 
very  slightly,  and  suOering  the  air  to  enter  gradually  at  the 
upper  oritice,  it  was  found  that  no  globules  were  left  behind  in 
the  tube,  as  is  generally  the  ease  under  other  circumstances. 
Wamuiig  the  tube  when  full  by  contact  with  the  naked  hands 
was  of  course  avoided.  The  temperature  at  the  time  the  tube 
was  filled  was  observed,  and  the  weight  of  the  contents  corrected 
for  the  difference  of  this  above  0^  C.  Of  the  following  Tables, 
Table  I.  gives  the  lengths  of  the  threads  of  mercury  observed  in 
gauging  the  capacity  of  the  tubes  employed,  and  the  ratio  a  of 
tiie  greatest  and  least  section  thence  determined.  Table  II.  the 
weight  of  the  mercury  at  the  actual  temperature,  and  the  same 
as  corrected  for  0*^  C« 
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1140 

94-5 

45*0 

145  0 

m 

105 

112  0 

940 

44-8 

143-5 

1-21 

105 

lJO-2 

933 

442 

142  5 

122 

103 

108-2 

94-5 

43-9 

142-5 

121 

101  i 

1070 

»5-7 

43-7 

140H) 

180 

100 

107  0 

975 

425 

1990 

119 

101 

1060 

mi 

410 

102 

101-1 

  , 

40*1 

100 

1 

125 

101  2 

•lS-2 

i  146 

122 

in 

"  106 

93-3 

40  1 

1  139 

115 

100 

Digitized  by  Google 


30  M*  W.  SiemeiM  on  a  new  r^uducibk  SUmdard 
And  ooDMqaently  the  ntpective  oonKotuiii  &eton  wm- 


1. 

S. 

8. 

4. 

8. 

1  ^ 

100225 

1 -00055 

1-00282 

1  000201 

1-000289 

1  000906 

Table  II. 

1. 

8.  1 

».    1     4.  1 

1 

13-208 
13-210 
13-209 
ia-209 
at 

271J*I5 
27  1900 
27  1915 
27- 1920 

at 
14*  R. 

24-3825 
24-3830 
243840 
24-3833 
at 

13*>-5  R. 

62368 
62  366 
88-357 

at 

IB*  R. 

69-802 
69796 
88*808 

at 
M^^R. 

n-767 
11  768 
11*787 

at 

15o*8  B. 

01-395 
62-di^8 
68-898 

at 

14°  5  R. 

69-795 
69-795 
68*794 

at 
18="  R. 

11  776  ( 
11  777 
11-774 
11  774 
at 

14^  7  R. 

Weight  in  gramnics  at  0^. 

1. 

8. 

8. 

4. 

[5. 

8. 

18-8491 

87  877 

1  24457 

62-774 

7(H»7 

11-808 

If  in  the  formula      for  the  resistance^  found  above,  vis. 

W  =  -g.  g  , 

we  substitute  the  values  of  G  (in  millipjamiues)  and  llie  correc- 
tion factor  as  determined  by  tliese  Tables,  and  if  we  take  lor  the 
speci^c  gravity  of  mercury  at  (f 

€r=  13-557, 

and  for  the  mean  length  of  aU  the  tubee 

las  1000  millims., 

then  we  shall  have  the  resistance  of  tlie  tubes  expressed  in  terms 
ot  the  resistance  of  a  cube  of  nu  i  t  ury  1  niiiiim.  c^ach  way. 
Table  lil.  givcisi  the  valucs>  of  \V'  s,o  calculated. 

Table  III. 


1. 

8. 

3. 

4. 

8. 

6. 

1OS8*04 

487-28 

685-87 

216  01 

188*86 

1148-8 
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The  vefliBtance  of  these  iahes  filled  with  mercary  at  O**  was 
next  compared  with  one  of  Jacobins  standards  (B),  means  of 
a  Wheatstone's  bridge.  As  the  bridge  in  question,  in  the  form 
TEued  bjr  Halske  and  myself,  is  adapted  to,  very  accurate  measure- 
ments, ita  more  particular  descriptiou  will  not  be  without  interest 

Fig.  3  is  a  perspective  view  of  the  bridge.  A  A  is  a  brass- 
frame  on  which  the  slide  BB  moves.  The  button  C  on  the 
slide  B  B  is  provided  with  a  toothed  wheel,  which  works  into  a 
toothed  rack  attached  to  the  frame.  The  slide  may  therefore  be 
moved  either  by  direct  pressure  or  by  turning  this  button. 
Attached  to  the  frame  are  the  insulated  pieces  of  metal  £E« 
and  the  graduated  scale  m  m  divided  into  miUimetres.  Between 
the  insulated  pieces  of  metal  E  E,  whose  inner  surfaces  are  per- 
pendicular to  the  scale  m  in,  and  arc  exactly  1000  millims.  apart, 
a  platinum  wire  of  about  ()'U3  niillim.  in  diameter  is  stretched. 
This  wire,  the  ends  of  winclL  {  orrespnnfl  exactly  with  the  division 
marks  0^  and  1000  of  the  scale,  is  clasped  by  two  small  platinum 
rollers,  whose  axes  are  counectrd  with  the  shde  B  bv  means  of 
the  springs  G.  The  bodies  whose  resistances  are  to  be  compared 
are  inserted  between  the  metallic  band  H,  which  can  be  con- 
nected by  means  of  the  contact  lever  I  with  one  pole  of  the 
battery,  and  the  two  thick  copper  rods,  L  and  L,  which  move 
freely  in  the  eyes  K  and  K.  The  other  pole  of  the  battery  (a 
single-celled  Daoieirs  battery  was  generally  employed)  is  con-  • 
nected  with  the  slide  B  and  the  platinum  roller.  The  eyes 
KK,  and  the  insulated  pieces  EE,  which  serve  as  points  of 
attachment  for  the  platinum  wire^  are  placed  iu  perfect  connexion,- 
by  means  of  thick  copper  rods,  with  the  four  plates  of  the  plug 
rcverser  S.  By  changing  the  plugs,  the  two  resistances  to  be 
compared  eonld  be  exchanged.  The  ends  of  the  multiplpring 
wire  of  the  galvanometeremployed  axe  connected  with  the  pieoea 
of  metal  E  £.  In  the  following  measurement  I  used  a  mirror 
galvanometer,  with  a  round  steel  mirror  82  millima.  in  diameteri 
and  36,000  coils  of  a  copper  wire  0'15  millim.  thick.  The 
distance  of  the  scale  divided  into  millimetres  from  the  mirror 
was  about  6^  metres. 

The  measurements  obtained  by  means  of  this  apparatus,  which 
are  collected  together  in  the  following  Table,  were  for  the  most 
part  determined  by  Dr.  Esselbach.  The  method  he  pursued  was 
as  follows : — 

Each  end  of  the  glass  tube  to  be  tested  was  inserted  in  a 
receiver,  and  retained  there  by  means  of  a  caoutchouc  band« 

This  receiver  was  so  placed  that  the  unused  neck  projected  up. 
wards,  and  in  tin's  position  it  was,  together  with  the  tube, 
plunged  into  a  trough  filled  with  lumps  of  ire.  One  of  these 
receivers  was  then  supplied  with  clean  dry  mercuryj  which  filled 
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the  tabe  and  ran  through  it  into  the  other.  By  the  time  the 
mercury  in  the  two  vessels  was  at  the  same  level,  the  tube  was 
generally  found  free  from  air-bubbles.  Thick  amalgamated 
copper  wires  were  now  inserted  into  the  mercury  through  the 
top  of  the  receivers,  and  the  resistance  of  the  tube  was  compared 
with  tbat  ot  one  of  Jacobi'a  standards  by  means  of  the  bridge 

above  (!('=?rnbpfl*. 

The  resistiuHc  of  the  coiulurfing'  rods  was  determine  J  by 
plunging  the  amalgamated  copper  cylinder  into  a  vessel  tijled 
with  mercury.  It  wns  found  to  be  quite  evanescent  in  compa- 
rison with  the  rcHistaiiee  of  the  tubes. 

The  experiments  whose  results  are  collected  in  the  following 
Table  were  conducted  as  follows  : — In  the  lirst  position  of  the 
commutator,  the  slide  J5  was  moved  to  such  a  position  that, 
on  lowering  the  contact  lever  I,  the  galvaiiumc  ter  exhibited  no 
permanent  deviation.  The  resistances  to  be  compared  were  then 
changed  by  means  of  the  commutator,  and  the  slide  was  again 
adjusted.  These  two  positions  of  the  slide  are  given  in  the 
columns  headed  a  and  h*  If  the  observatioua  were  free  fnmi 
error,  the  sum  of  these  magnitudes  would  be  exaetly  1000, 
which  was  generally  the  case,  or  very  nearly  so*  We  must  here 
remark  that,  after  establishing  the  equality  of  the  currents,  a 
small  temporary  deviation  of  several  divisions,  indicating  a  greater 
*  resistance  on  the  part  of  the  closely  packed  coils  of  Jacobi'a 
standard,  was  observed  immediately  on  completing  the  circuit* 
As  on  breaking  the  circuit  an  opposite  deviation  of  the  same 
magnitude  resulted|  this  phenomenon  was  obviously  to  be  attri* 
bated  to  the  extra  current  of  the  wire  coil  of  the  Jacobi*s  stand- 
ard. It  appeared,  moreover,  that  on  a  long  contmuance  <^  the 
current,  the  mercury  in  the  tube  began  to  grow  warm,  even 
though  only  a  single  cell  of  a  Daniell's  battery  was  employed. 
On  account  of  the  slow  oscillation  of  my  mirror  and  the  resist- 
ance encountered  by  its  })rolougations,  the  error  arising  from  this 
cause  was  easily  eliminated  by  allowing  only  short  currents  to 
traverse  the  instrument.  The  slide  was  always  so  placed  that, 
immediately  on  completing  the  circuit,  there  was  a  slight  move- 
ment towards  the  left,  which,  on  the  mercury  becommg  warm 
owing  to  the  continuance  of  the  current,  gradually  passed  over 

*  At  first,  instead  of  anulgainated  copper  wves^hon  cylinders  were  used 

ns  conductors  ;  uniK  r  these  rircnmstnnces,  however,  we  fonnfl  that  there  was 
a  very  considerable  resis^tancc  to  the  pa3saj»;e  of  the  current  from  the  irou 
to  the  mercury,  even  though  the  surface  ot  the  former  was  perfectly  clean. 
This  reriitance*  which  was  also  considerable  when  unamalf^mated  copper 
wire  was  employetl,  was  particnlarly  stronp  when  the  cylinder  had  been 
some  time  exposed  to  tlx-  atmosphere  after  havin  j-  Ikh-u  cleaiu'<l,  so  that  it 
is  probable  that  this  piicaomenon  is  to  be  attributed  to  the  gaseous  con- 
densirtioii  on  ih«  nunce  of  the  mettl. 
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into  a  dcviutiou  to  the  right.  By  agaia  slightly  altering  the 
position  of  the  slide,  the  first  movement  to  the  left  could  be 
rendered  so  small  as  to  be  imperceptible,  and  the  effect  of  the 
change  of  temperature  ooald  tlieKl^  be  eatirely  obrnted. 


Table  IV. 


^ites  •••••.••••Mt*. 

1. 

1  ^ 

S. 

(7. 

b. 

\  n. 

! 

Obsprved  milt*  1 

■ 

M4*a 

l|429-l 
!4«N> 

570-  fl 
5711 

571-  0 

456 

456-3 

456-2 

1  456  2 

1 

>  456-2 

0-  8891 

555  38 

1-  0008 

5437 

543-6 

1  54;{-3 
j  Si^-G 

fi4»*6 

Mean  valns 

For   

«•*«*• 

6067 

1*596 

101652 

1-ooe 

a94*3 

420-05 

0-7514 

497-28 

1  1-00 

W|  

W 

)  •••••• 

W| 

I, 

5. 

6. 

a. 

b. 

«. 

b. 

m. 

4. 

Obserred  resist- 

347*6 

•••••• 

752-6' 

•••••• 

227-4 
227-3 

772s] 
772-8 

633-2 
63315 
633  10 

633-15 

vm 

ll4i*6 

1-009 

366*8 

36t>^M) 

366-85 

W.  

247*6 

0^29 
217*78 

0-992 

7526 

227*35 

0-8942 
194-7 

0-994 

772*8 

w 

•  • 

wr  

The  line  distinguished  by  the  lettn  is  found  from  the  pre- 
ceding one  by  multiplication  by  661*8,  which  number  was  fur- 
nished by  coraparh)^  the  calculated  resistance  of  tube  2  with 
that  of  the  Jacobi's  standard  employed.  The  numbers  in  this 
line  ought  tlierefore  to  agrcp  with  the  resistances  as  derived  from 
calculatioa  contained  in  Table  UL  The  numbers  in  the  hne 
W 

headed  ^ ,  which  are  the  ratios  W  the  calculated  and  observed 
W, 

resistances,  show  that  these  magnitudes  do  not  differ  more  than 
wns  to  be  expected.  The  most  considerable  errors  in  our  niea- 
siirenieiUs  ?irosc  from  the  fact  tli^it  luntlier  the  teinperaturc  of  the 
mercury  nor  that  of  the  copper  standard  was  constant.  The 
FAii.  Mag.  S.  4.  Vol.  21.  No.  137.  Jan,  1861  D 
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temperature  of  the  ice-water  varied  between  0^  end  2°  G.^  end 
that  of  Uie  standard  between  19^  end  220  Q.  •  and  «■  tbe  eon- 
doctibilitj  of  copper  it  diminisbed  about  0*4  per  eent.  for  every 
degree  Centig^e^  the  differanoee  in  the  above  meaearenients, 
wluch  are  all  under  1  per  cent.^ are  thereby  fully  aeoounted  for; 
and  there  can  be  no  doubt  that  in  this  way  stuidard  measures 
of  resistances  can  be  reproduced  of  any  degree  of  accuracy. 

The  observed  resistances  in  Table  IV.  ought  strictly  to  have 
been  diminished  by  the  resistance  of  the  mercury  in  the  glass 
vessel  to  the  spreading  of  the  current^  that  is^  by  the  resistance 
encountered  by  the  eurrent  in  passing  from  the  orifice  of  the 
tube  to  the  amalgamated  copper  conductors.  This  resistance 
mayi  without  any  considerable  error,  be  taken  as  the  resistance 
of  a  hemispherical  shell,  whose  lesser  radius  is  equal  to  the  inner 
radius  of  the  tube,  and  whose  greater  radius,  on  account  of  its 
comparative  magnitude,  may  be  takf  n  ns  infinite.  Now  tbe 
resistance  of  a  bemis]jberical  sheli  of  radius  x  and  thickness  dx 
being  called  ^^W,  we  have 

dx 


2s!^ir    2nr  2r^w 


The  resistance  to  the  spreaduig  of  the  current  in  the  mercury  at 
both  ends  of  the  tube  is  therefore  equal  to  the  resistance  of  a 
portion  (tf  the  tube  whose  length  is  hslf  its  diameter.  This 
resistance  ought  to  be  still  further  increased^  because  the  surfsce 
of  the  mercury  in  the  tube  is  flat  and  not  hemispherical,  as  is 
assumed  in  the  above  calculation ;  but  these  two  sources  of  error 
are  each  of  them  so  trifling,  that  their  joint  effect  may  be 
neglected. 

The  straight  tubes  used  in  the  experiments  hitherto  described 
cannot  be  very  conveniently  employed  as  standards ;  I  therefore 

£t  M.  Qiessier  of  Berlin  to  make  me  some  spiral  glass  tubes, 
ving  their  extremities  turned  up  and  provided  with  small  ves- 
sels in  which  to  receive  the  conducting  wires .  These  glass  spirals 
were  fastened,  as  shown  in  fig.  4,  into  the  wooden  cover  of  a 
broad  glass  vessel  filled  with  water.  The  temperature  of  the  water 
in  the  vessel  wa*?  n})served  by  means  of  a  thermometer  introduced 
through  an  opennig  in  the  cover.  The  glass  spirals  were  easily 
filled  with  mercury, so  as  to  be  tree  from  air-bnbb!es,in  tiie  iollnw- 
iniz:  iiia[nit  1  : — The  orifice  of  the  tube  in  one  of  the  glass  vessels 
was  iir^it  stopped  by  means  of  a  suitably  shaped  cork  ;  the  other 
vessel  was  then  filled  witb  mercury,  the  air  being  su tiered  to 
escape  gradually  by  tbe  cork  at  the  other  end^  which  was  only 
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T€tDits9t^  when  the  mercury  had  slowly  passed  entirely  through* 
the  windings  of  the  tohe. 

■  As  mercury  is  not  to  be  found  in  the  list  of  metals  the  altera- 
tion of  whose  specific  resistance  by  heat  has  been  determined  by* 
Am  (It  en*,  this  deficiencv  had  first  to  be  remedied*  This  was 
effected  by  Or.  Esselbach,  by  means  of  the  apparatus  already, 
deeeribed.  The  resistance  of  one  of  the  spiral  tubes  was  com-> 
pared  with  that  of  the  straight  tube  %f  first  at  the  temperature 
of  ice- water,  and  then  when  the  temperature  of  the  spiral  was 
raised.  If  w  represent  the  resistance  of  tube  2  (which  according 
to  Table  III.  is  498*7),  and  u\  the  resistance  of  the  spiral  tube, 
then,  sinee  the  resistance  of  the  conducting  wires  was  rendered 
equal  for  both  tubes,  and  was  equivalent  to  that  of  II  eubea,of 
mercury  1  miiiim«  each  way,  we  had 

where  a  and  b  represent  Lliejneces  of  platinum  wire  o£  the  bridge 
when  no  current  passed  through  the  galvauometer.  This  was 
the  case  when 

«_8ir8 

b  6887' 

whence  7^^=219-4. 

The  temperature  of  the  straight  tube  was  now  maintained  at  0^ 
by  means  of  melting  ice,  while  the  temperature  of  the  water  siur- 
rounding  the  spiral  was  raised.  In  the  following  Table,  /  indi- 
cates the  temperature  of  the  straight,  and  of  the  spiral  tube, 
a  and  b  the  lengtlis  of  wire  read  otf  when  the  currents  were  equals 
y  the  required  coeflicieut  calculated  accorduig  to  Arudtaen's 
formula, 

^■<(i  "^y^i)  +    _  £ 

Table  V. 


47%  C. 

320-4 

679-5 

0-000964 

0 

34-5 

(5820 

0000960 

0 

16  5 

683-4 

0  000981 

From  this  it  appears  that,  of  all  simple  metals,  mercury  ia 
that  whose  resistance  is  least  increased  by  an  merease  of  tempe- 
ratare. 

By  meana  of  Uie  coefficient    the  lasistancea  of  the  two  other 
spirala  A  and  B  were  determmed,  which  were  afterwards  used 
*  Poggendorff  s  Jmuikm,  fViL  cii*  p*  !• 

r 
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in  constructing  a  standard  of  German  sliver  wire.  The  resist* 
ance  of  spiral  A  at  0"^  was  514*  15,  that  of  B  673-9. 

Gi  rman  silver  wire  is  very  well  adapted  for  standards  of  resist- 
anc(',  because  its  coiiductiug  power  ia  very  small,  and  varies  little 
with  the  temperature ;  according  to  Arndtsen^  only  about  '0004 
per  cent,  for  a  degree  Centigrade. 

In  the  foregoing  experiments,  the  resialaiicc  of  a  cube  1  raillim. 
each  way  has  been  assumed  as  the  unit.  For  small  resistances, and 
especially  in  calculation^  this  has  many  conveniences.  It  appears, 
however,  more  adyimble  that  the  measure  of  resistance  uionld 
be  in  entire  agreement  with  the  ordinary  metrical  scale.  I 
therefore  determined  to  take  as  the  unit  of  resistance,— * 

Tke  remtanee  of  a  prism  of  merettnf  1  metre  hngmdl  mUUm, 
in  tectum  at  the  tenwerature  (f  C. 

If  this  proposal  he  generally  acted  on,  all  resistances  can  be 
at  once  reduced  to  the  metrical  scale.  Every  experimenter  will 
then  be  able  to  provide  himself  with  a  standard  measure  as  accu- 
rate as  his  instruments  permit  or  require,  and  to  check  the  varia- 
tions of  resistance  of  the  more  convenient  metal  standard.  Of 
course  also,  in  that  case,  the  conducting  power  of  mercury  must 
be  taken  as  the  unit  of  conducting  power,  and  not  that  of  copper 
or  silver.  Unfortunately  but  few  comparisons  have  been  made 
between  the  conducting  power  of  mercury  and  the  solid  metals, 
from  which  a  table  could  be  calculated  in  which  the  conducting 
power  of  mercury  should  be  the  unit ;  and  in  most  of  the  com- 
parisons that  have  been  made  between  the  conducting  power  of 
the  solid  metals,  it  is  not  stated  whether  the  wire  cin|)loycd  was 
cold  drawn  or  anuealed.  From  the  following  Tabic,  however,  it 
appears  that  the  conducting  power  of  annealed  wii'e  is  considcr- 
auly  greater  than  that  of  unannealed. 

1. 


1.  Silver,  hard   

„  annealed 
S.     ,»  hard   

„  annealed 
9.  Copper,  hard  

4.  t»      hard ...... 

It  nnncaltid 

5.  „  hard  

u  annealed 

9»    ft  hard  

„  annealed 

7.  naiinum,  hard ... 

8.  I,  hard... 

9.  Brtn. hard  ...... 

„  annealed... 


2. 


Lenpth  in 
iniilutui. 


3. 


W( 


et^t  in 


4. 


Spccifir 


40U-4 

4884-9 

10479 

614-55 

4014-4 

4889- 1 

10-492 

537-2 

4014-4 

3233-1 

10  502 

896-1 

4014-4 

3009-6 

88908 

4014-4 

3099-5 

8-925 

890-5 

4014*4 

44091 

8-916 

629-7 

4014*4 

4355-2 

8903 

59905 

2007-2 

12604 

8916 

545-8 

2007-2 

1352*7 

8-894 

517 

2007-2 

1263-2 

8«)lf) 

5  J  5-6 

2007-2 

1241  5 

S  .Si)4 

520-8 

43G-4 

544  1 

21-452 

9106 

438-4 

550*1 

91-459 

897-7 

1003-6 

1406  1 

8-17.'J 

5300 

1003-6 

1397-8 

8-464 

451-7 

6.  6. 

Conilurting; 
!?cilsfancr  power,  that 
at  0"  C.  I  of  mcraury 
"I* 


56-252 
64  38 
58-20 
6331 
52  109 
52-382 
52-013 
52217 
55-419 
52  121 
55-338 
8244 

827 
11  439 
13-509 
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It  appears  from  this  Table  that  the  specific  conducting  power 
of  aiiDfalecl  silver  wire  is  10  per  cent,  greater  than  that  of  the 
Bame  wire  unannealed;  that  of  annealed  copper  wire  on  rlie 
average  6  per  cent.  p:reatcr.  The  difference  of  conducting  power 
is  especial])  l:i  cat  m  the  case  of  brass.  As  the  density  of  wire 
depends  on  the  ainuunt  it  has  been  stretched  since  the  last  heat- 
ing, that,  as  well  as  the  conducting  power^  must  vary  much  even 
when  tile  metal  is  peifeetly  UDifomi.  The  tcmpentufe  to  which 
the  wire  was  raisedj  the  duration  of  the  operation,  and  the 
rapidity  of  the  coolings  all  affect  its  snecific  eondueting  power. 
Column  5  of  the  ahove  Tahle  was  caicukted  by  means  of  the 
formula 


Q  8 

The  factor  g — z-^^  the  correction  for  the  oonicality  of  the 

conductor,  may,  in  tlie  case  of  metal  wires,  be  almost  always 
neirlected,  since  it  never  differs  sensibly  from  unity.  This  method 
is  obviously  much  more  exact  than  that  hitherto  employed,  in 
which  the  mean  diameter  of  the  wire  had  to  be  determined  by 
direct  measurement;  and  the  square  of  the  magnitude  so  obtained^ 
which  was  never  exact,  entered  into  the  cidcnlatiott.  By  my 
method  all  the  data  may  be  determined  with  great  accuracy, 
especially  the  length  of  the  wire,  which  alone  enters  in  the 
square. 

If 'the  above  Table  be  compared  with  that  of  Arndtsen,  it 
appears  that  the  mean  conducting  power  of  unannealed  platinum 

wire,  viz.  8*257,  and  the  smallest  value  found  for  unannealed 
silver  wire,  via.  56*^52,  are  exactly  in  the  ratio  given  by  Amdtsen  ; 
while  the  resistance  of  copper  wire  according  to  Amdtsen,  agrees 
pretty  well  with  that  of  annealed  copper  in  the  above  Table.  As 

the  silver  and  platinum  wires  employed  both  by  myself  and 
Arndtscn  were  ehcinically  pure,  1  \va\v  in  the  followiiip:  Table 
taken  the  resistance  of  platinum  and  hard  silver  as  a  standard. 
The  viilucs  taken  from  Ai  ndtsen's  Table  are  indicated  by  an  A, 
those  observed  by  myseli  by  an  S. 
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Table  YI. 

Condactmg  power  t»r  the  metals  at  the  temperature  t  compared 

with  that  of  mercury  at  0°  C. 

1 


Mereory 
Lead  . 


Flat 


Iron 


(jerman  silver 


if 


BnsBg  hard  • 
^aneaM 


9» 


n 


Aluminium 


Copper 


bard  • 
annealed 


aonealed 


SUver^bard  • 

annealed 


(A). 
(A.  S). 


l+0UO095.< 

51554 
1+0*00876.^ 

8*257 

1 +0-06376.  / 

 8-3401 

1  +0-00413./  +  000000j27.f 
10-532 


1 +O000887.I-O-00U000657./* 

4-137  (S). 

11-431)  (S). 

18*502  (S). 

14-240 

r+000166.l-8-00000203./» 
81*726 


(A). 

(A). 


(A). 


l+0K)086d8r 

55-518 

1  +  0~00:j(;8."/ 

52-207  (S). 
55*258  (S). 
56*252 


(A). 


(A.  S). 


l+0'0O0;34U./ 
64-38  (S). 

For  ccmvenience  I  have  given  Amdtsen's  results,  togeiber 
vitb  tbe  coefficients  for  eorreeting  the  reautances  for  tbe  tempe- 
rainre.   Whether  these  are  the  same  for  annealed  and  unamieaied 

wires  I  have  not  been  able  to  determine.  The  brass  that  1  experi- 
mented on  wan  foiiTid  on  analysis  to  consist  of  29*8  percent. 

^nc,  aad  70'2  copper. 

In  conclusion  I  should  mention,  for  the  benefit  ot  those  who 
may  wish  to  make  standard  measures  of  resistanee  in  the  manner 
here  described,  that  it  is  neeessary  to  warm  the  uiereury  to  be 
employed  for  several  lioui  s  under  a  covering  of  concentr;ited  sul- 
pliurie  acid  mixed  witli  a  few  drops  of  nitrie  acid,  to  get  rid  of 
all  metallii  ini))nrities,  as  well  as  the  free  oxygen,  which  greatly 
increase  its  couducting  power. 
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IV.  Remarks  on  Mr.  Barley's  p«p«r  on  Qiimtiei. 

By  G.  B.  JSKBABD. 

[Condiided  from  vol.  m.  p.  2740 

4.  TN  my  former  paper  I  contented  uiystlt  \Mth  showing,  from 
-i-  a  comparison  of  certain  results  at  uhich  Mr.  Harley  had 
arrived,  that  there  were  decisive  marks  of  the  existence  of  an 
error  in  his  processes,  leaving  to  hiiu  and  Mr.  Cockle  the  task 
of  tracing  the  error  to  its  source.  But  after  the  lapse  of  many 
months  they  have  asyet  failed  to  perform  the  part  thus  fitly 
assigned  to  them.  This  is  the  more  xemiikable^  as,  in  answer 
to  an  attempt  made  by  the  latter  mathematician  to  infer  the 
failure  of  my  researches  from  the  failure  of  theirs^  I  said  at  the 
time,  in  a  postcript  to  my  paper,  what  ought,  I  think,  to  have 
suggested  to  their  minds  the  true  origin  of  their  error,  and 
th^ce  have  shown  them  the  irrdevancy  of  the  objectiona  urged 
against  my  method  of  solving  eqnationa  of  the  fiith  degres. 
Mr.  Cockle,  however,  not  seeing  the  meaning  of  my  words,  still 
adheres  to  his  objections.  I  must  now,  therefore,  abandoning 
suggestions  the  drift  of  which  may  escape  observation,  have 
recourse  to  statements  of  the  plainest  kind. 

5.  If  I  were  asked  in  what  respect  the  method  first  explained 
by  me  in  the  Philosophical  Magazine  for  June  1845,  and  after- 
wards given  at  greater  length  in  Chapter  II.  of  my  '  Essay  on 
the  Resolution  of  Equations*,'  differed  from  all  other  methods 
constructed  for  the  purpose  of  solving  equations, — on  ^vliat  ,  while 
all  these  were  seen  to  !mvc  failed,  I  erroundcd  my  hope  o£  success, 
—I  should  answer  by  pointing  to  the  theorem  f 

or 

if         e,./c.b)(ca) =^'*(e^;(ab)(c d) . .  J 

.  From  this  theorem  we  learn  that,  in  oonstruetiag  equations 

*  Publiihed  by  Taylor  sad  Fnacis»  Bed  lion  Court*  Fleet  Street^ 

London. 
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lietween  fbnctuma  of  tbe  fonn 

and  thoae  o£  the  class 

*^(*.+.'^,+  ..)(ab)(cd).., 

a  complex  process  of  a  peculiar  character  must  take  the  place  of 
the  simple  method  of  substitutions. 
Thus  from  {y^  we  see  that 

and  analo^ttsly  from  (w^,  that 

b  eacih  of  which  equations  the  B  of  one  member  is  accented 
difoently  from  the  B  of  the  other  in  consequence  of  a  transfer 
of  6^  and  B^  from  branch  to  branch  for  the  affix  ^fi€^Qf  E>y 

This  shows  the  necessity  of  carefully  distinguishing  between 
Bm,/(iAx*f)^.,  and  (e^/)(ab)(cd) . . 

if  we  would  a\  oul  admitting  relations  among  the  roots  through 
equations  oi  the  class 

(®;/)(^5)a8)=(®«./)(>!.*)(t«)- 

I  might  go  on  to  elicit  other  properties  of  the  theorem  (f,  w), 
but  what  I  have  already  said  is,  J  thinkj  sufficient  fur  my  purpose. 

6.  Turning  now  to  Mr.  Harley's  paper,  I  find  that  the  very 
existence  of  the  theorem  (v,  w)  is  ignored.    No  wonder  then 

was  it — where  so  much  circumspection  was  needed,  and  such  a 
safeguard  against  fallacies  as  tlu*  theorem  (v,  w)  was  Hung  aside 
—that  he  as  well  as  My.  Cockle  fell  into  error. 

7.  But  Mr.  Cockle,  not  reflecting  that  the  functions 

(wherein  .i-j,  i-^, . .  i'5  are  known  to  be  such  as  not  to  involve  any 
irreducible  radical  of  the  form  v^r,  while  a:,,  .r^,  . .  j?'^  are  not 
proved  to  be  snbjrct  to  anv  condition)  do  not  come  within  the 
scope  t)f  Lai;]'ang(''s  tlicoiy  for  cxj)iessii)ir  one  of  two  homoge- 
neous functions  of  the  roots  of  a  r/nen  equation  in  rational  terms 
of  the  other,  attempts  by  means  of  that  theory  to  apply  objections 
drawn  from  the  failure  of  the  nieLiiuJ  given  in  Mr.  Hurley's 
paper  to  the  method  of  solution  in  my  *  Essay.'  The  nature  of 
Mr.  CoeiLle's  second  error  is  now  manifest.  He  implicitly  assumes 
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as  a  direct  consequence  of  Lagrauge's  theory^  that  he  is  permitted 
to  express'*' 

as  a  rational  function  of 

Such  an  assumption  is  clearly  inadmusible.  It  is  not  a  little 
remarkable  that  a  most  striking  confirmatton  of  the  ?aMdity  of 
my  method  may  be  derived  from  that  very  theory  t> 

8.  Again^  theohjeetlon  which  he  urges  against  a  statement  of 
mine  in  reference  to  Taylor's  theorem,  is  founded  on  a  misap- 
prehension of  my  meaning.  The  statement  relates  to  equations 
of  condition  %.  ont  Mr.  Cockle,  ignoring  their  existeneej  8{>eaka 
of  a  remainder.  It  would  be  easy,  from  what  has  been  said  in 
art*  7,  to  show  the  irrelevancy  of  the  rest  of  his  objections.  It 
seems  needless,  however,  to  proceed  further. 

Decenber  1860. 


y.  On  the  Principlea  of  the  Science  of  Motion  {Mechanke, 
Pkysiea,  Chemiee)^^   By  J.  S.  Stuart  Gx«BNNi8y  M,A, 

1.  TT  is  proposed  in  the  followiag  paper  to  give  a  brief  intro- 
J-  ductory  exposition  of  the  conceptions  by  the  analytical 
application  of  which  it  has  bccu  round  thattlic  law  s  and  methods 
of  mechanics  can  be  moiXJ  fully  applied  to  tiie  phenuaicna  of 
physics  and  chcmics. 

2.  In  order  that  mechanical  principles  may  be  rigorously  ap< 
plied  to  physical  and  chemical  phenomena,  it  seems  dear  that 
physical  and  chemical  forces  must  be  conceived  in  the  same  way 
as  mechanical  forces.  Now  a  mechanical  force,  or  the  cause  of 
a  mechanical  motion,  we  know  to  be,  in  general,  the  condition  of 
a  difierence  of  pressure.  Whether  the  motion  is  uniform,  or 
accelerated,  depends  on  whether  the  force,  or  difference,  is  in- 
stantaneons,  or  continuous.  And  whether  that  difierence  is 
between  polar  or  extreme  pressures,  depends  on  whc^er  the 
moved  body  transmits  pressure  with,  or  without,  a  tangential 
rssistaaee.   Hence  the  condition  of  the  translation  of  a  solid  is 

*  See  Xxxa  pa})er  in  the  Philosophical  Magazine  for  March  1860.  The  same 
errar  miis  ibrough  nil  hit  subsequent  papers  on  the  snbiect  of  equations, 
and  ihiisreDdcnnuffatory  eveiy  objection  baaed  on  Mr.  flarley's  paper. 

t  Compare  nrts.  107f  112  of  luy  '  Essay/ 

X  ^tc  note  ou  ail,  44  of  uiv  ]>apcr  for  June  1845. 

^  Cummunicated  by  the  Author,  beine  a  rc&tatemcnt  of  principles 
enomiGed  in  papen  read  at  the  two  list  Meetings  of  the  British  Assods- 
tion,  and  of  which  abstracts  have  been  published  in  the  'RspOfls*  for 
1868  end  1860  (Tiwuk  olthe  Math,  and  Phyi.  Seetum). 
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a  difference  of  polar  preisiiree;  and  of  the  motion  of  a  fluid,  a 
differeoce  of  maximam  and  minimum  pressures ;  and  similarly^ 
it  is  evident  that  the  causes  of  the  other  mechanical  motions  are, 
in  fact,  conditions  of  pressure.  Thus,  rotation  is  the  effect  of 
equal,  a  compound  motion  of  translation  and  rotation  of  unequal, 
ditlerenccs  of  polar  pn --<iires  in  opposite  directions  with  respect 
to  a  line  joinin*^  the  points  uf  application  of  each  pair  of  polar 
pressures.  It  need  hardly  be  said  that  it  is  not  proposed  that  we 
should  use  I  lie  phrase  "  differences  of  polar  pressures  ui^tead 
of  the  term  "  forces/'  But,  pre|)aratury  to  a  mechanical  considera- 
tion of  physical  and  chemical  mr>tion8,  it  seems  of  importance 
clearly  to  see  thai,  w  liatever  force  mav  be  absolutely,  whatever  the 
unknowable  ultimate  cause  of  motion  may  be,  or  have  been,  the 
ordinary  mechanical  forces*  called  "  a  single  force  at  the  centre 
of  gravity/'  a  couple/'  and  a  single  force  not  at  the  centre  of 
graviu,''  are,  in  fact,  such  conditions  of  pressure  as  above  stated. 

8.  Thus,  as  the  cause  of  a  mechanical  motion  is,  in  general,  the 
condition  a  resultant  difference  of  the  pressures  on  the  moved 
body,  and  as  the  general  law  of  the  motion  of  the  body  is,  that 
it  is  in  the  direction  of  the  greater  of  the  two  opposed  resultant 
pressures,  if  the  great  object  of  modem  physical  research  is 
accomplishable,  it  must  be  attained  by  showing  that  physical 
forces  are,  like  mechanical  forces,  conceivable  as  differences  of 
pressure  under  certain  characteristic  but  interchangeable  con- 
ditions, and  that,  for  instance,  the  movement  of  iron  towards  • 
magnet,  or  the  movement  of  a  paramagnetic  body  towards  a 
place  of  stronger  action,  are  motions  in  the  direction  of  least 
resistance.  And  there  is  evidently  this  further  condition  of  a 
,  general  merhnnical  theory  of  ])hysica]  and  chemical  phenomena 
— that  ])iessurc  be,  in  phy^*ics  and  chemics,  conceived,  as  in 
nieehanies,  as  "a  balanced  forcet,"  or  "momentum  virtually 
and  not  actually  developed  Hence  it  appears  that,  if  a 
general  mechanical  theory  is  possible,  the  ultiiniUt  property  of 
matter  must  be  conceived  to  l><»  a  mutual  repulsion  of  its  parts, 
and  the  indubitable  New  Ionian  law  of  universal  attraction  be 
herefrom,  under  the  actual  conditions  of  the  world,  deduced. 

4.  The  general  txperimental  condition  of  the  fitness  of  the 
mechanical  conception  of  pressure  a&  the  basis  of  a  general  phy« 
sical  and  chemical  theory,  evidently  is  that  there  be  a  plenum. 

•  "Toutefois,  (-'ettune  chose  tr^s-retnarqtiahlr,  f^n'nn  m^inc  livre,  6cnt 
8ur  ia  science  des  forces,  pourrait,  sane  cesser  d'etre  exact  et  de  trailer  resu- 
li^rement  lam^me  science,  ^tre  eatendu  de  deux  manidm  diffi^vntet,  mJou 
'  qii'on  attacherait  au  mot  de  /oree  Pid^  d'une  cause  de  translation,  ou 
ri(ltx>  toute  (HtTiTctito  (rune  cause  de  rotation." — Poiniot,  'ikfSorU  Nvnf 
telle  de  la  Rotation  des  Corps,  p.  i3. 

t  RAiikuie,  'Applied  Mecbanics.' 

X  Price, '  Tkcaase  on  litflnitswinsl  Csleahsb'  vol.  iii. 
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But  siieh  diaeoTeries  m  thai  the  tanl^eiitUI  toiteb  of  a  leaiatiiig 
medium  is  given  in  the  very  formnUe  of  Encke's  cornet^,  and 
that  of  inductive  action  through  contiguous  particleB,  and  not  at 
a  distance  will,  it  ia  believed,  cause  thia  £[nt  postulate  of  the 
theory  to  be  generally  granted  |. 

5.  To  give  diatanctness  to  this  idea  of  the  parts  of  matter  as 
mutually  repulsive^  a  molecule^  or  a  body  (an  aggregate  of  mo- 
lecules), is  conceived  as  a  centre  of  lines  of  pressure ;  the  lengths 
and  curves  of  these  lines  are  determined  by  the  relative  pressure 
of  the  lines  they  meet;  and  lines  from  greater,  are  made  up  of 
leaser  raolecules  and  their  luii  s,  nnd  so  on  ad  infinitum. 

In  speakini,'  of  a  molecule  or  bociy  as  such  a  centre  of  pres- 
sure, it  will  be  convenient  to  have  a  teehnical  name.  Rather 
than  coin  a  new  term,  it  is  proposed  to  use  atom  ^'  in  tliis 
sense.  In  chemistry  I  shall  use  the  term  equivalent  "  exclu- 
sively, and  not,  as  at  present,  as  more  or  less  synonymous  wiiii 
"atom,"  which  I  have  thus  ventured  to  appropriate  for  a  new 
conception.  Atoms,  or  mutually  determining  centres  of  lines 
of  pressure,  may  ako  be  dcdned,  and  their  relations  analytically 
investigated,  as  mutually  determining  elastic  systems  with  cen- 
tres of  resistance. 

6.  This  is  the  fundamental  oonoeption  (not  hypothens)  of  the 
theory.  What  can  at  present  be  called  hypothetical  in  the 
theory,  ia  thia  only — that  the  application  of  analysis  to  the  om* 
ception  of  elastic  systems  with  such  conditions,  will  in  all  cases 
give  results  corresponding  with  phenomena.  An  atom,  as  above 
defined,  is  the  postulate  of  a  conc(>ption,  not  of  an  agent,  of  a 
relation,  not  of  an  entity.  And  this  conception,  it  is  believed, 
distinguishes  the  theory  from  the  many  others  of  which  the 
general  object  has  been  the  saTTic§.  But  m  this  attempt  to  found 
a  general  theory  cleared  of  sethers  and  fluids,  of  properties  and 
virtues,  the  author  owes  whatever  there  may  be  of  truth  in  its 
present  imperfect  form  nud  incomplete  application,  chiefly  to 
the  disnoveries  of  tli(  miiuortal  'Experimental  Researches;'  and 
the  contitant  endeavour  has  been  to  work  out  the  theory  in  the 

*  Ueber  die  Em  fit  en  z  eines  widerstehtndm  MUtdt  tni  Wdiraume, 
Ton  J.  F.  Enckc,  p.  52.    Ik-rlin,  1858. 

t  Famday,  '  Kxpehmsntal  Kciearoiiei,*  Series  I.,  II.,  IV.,  IX.,  XI., 
XIL,  XIU. 

X  See  abo  on  this  point  Hnmboldt,  '  Cosmos,*  iii.  33;  and  compare 
Newton's  third  letter  to  Bentley;  the  old  aphorism,  "  Nature  abhors  a 
racuum,"  and  GroveN  remurk  thereon, ' Correlatioa  of  Physical  Fofeei/ 

And  sec  Bacon,  ."'^v.  Orrj.  ii.  S. 

§  But  coiupaie  the  cuuception  of  an  atom  by  Bo&covitch,  in  bis  The- 
oria  Philotophia  Naturalis  redact  a  ad  unicam  legem  virium  in  Natura 
existentium.  Venetiis,  1/^3;  and  Faraday,  in  his  'Experimental  Re- 
searches/ iii.  447.  Also  Sccfu ill's  racmoir,  Snr  Vorigine  et  la  propagation 
de  la /orc9f  and  his  Cgmsideratwm  nw  let  causes  de  ia  cokSmm.  _ 
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•pint  of  sadi  remarks  at  these  What  we  really  want  is  Doi 
a  variety  of  difierent  methods  of  representing  the  forces^  but  the 
one  true  physical  signification  of  that  which  is  rendered  apparent 
to  us  by  the  phenomena^  and  the  laws  governing  them.  Of  the 
two  assumptions  most  usually  entertained  at  present^  magnetic 
fluids  and  electric  currents,  one  must  he  wrong,  perhaps  both  are. 
....  It  is  evident,  therefore,  that  our  physical  views  are  very 
doubtful;  ami  I  think  good  would  result  from  an  endeavour  to 
shake  ourselves  loose  from  such  preconceptions  as  are  contained 
in  them,  that  we  may  contemplate  for  a  time  the  force  as  much 
as  possible  in  its  purity*." 

7.  Now,  in  a  system  of  atoms  as  above  defined,  let  the  centres 
be  of  equal  mass,  and  at  equal  distances;  there  will  be  !io  dif- 
ference of  pressure  on  any  one  centre,  no  uioviu^  force  wiii  be  de- 
veloped, and  the  conditions  of  equilibrium  will  be  satisfied.  But 
it  is  clear  that  forces  will  be  developed,  or  the  general  conditions 
of  motion  be  fulfilled,  either  (a)  by  a  difference  in  the  masses  of 
the  centres,  or  ifi)  by  a  difference  in  the  distances  of  the  centres, 
in  consequence  of  a  displacement  of  any  one  of  them,  or  (7), 
supposing  a  state  of  dynaniic  eqailibnuin  estal>lished  in  the 
system,  by  its  being  brought  m  cuiitact  wiiL  auuliicr  system  m 
a  different  state  of  such  equilibrium. 

8.  Consider  more  particularly  the  first  of  these  conditions  of 
the  development  of  a  force^  and  with  the  postulate  that  the  pres- 
sures of  atomic  lines  are  ^Qrectly  proportional  to  the  mass  of  the 
atomic  centre^  and  inversely  to  the  square  of  the  distance  there- 
from. But  observe  that  this  last  property  is  conceived  to  arise^ 
not  from  an  absolute  change  in  any  individual  line,  whatever  its 
distance  from  the  centre,  but  because,  from  the  lateral  expansion 
of  these  lines^  fewer  will|  when  such  expansion  is  unresisted,  be 
cut  at  a  greater  than  at  a  lesser  distance  by  the  same  surface. 

In  a  system  of  atoms  in  which  there  is  a  diflVrmce  in  the 
masses  of  any  one  or  more  centres,  and  in  which  the  law  of  the 
pressure  of  the  atomic  lines  is  as  above,  any  two  masseSj  whether 
unequal  or  equal,  will  tend  to  approach. 

And  first,  let  the  masses  be  unequal. 

Then  the  pressure  of  the  liiie^^  from  the  one  is  greater  than 
that  of  the  lines  from  the  other ;  consequently  these  lines  will 
be  mutually  deflected,  and  hence  the  centres  approach. 

Let  the  two  masses  be  equal. 

Then,  if  all  the  masses  of  the  system  were  equal,  and  all  at 
the  same  distance  from  each  other,  their  mutual  rcpulsiuna  would 
be  equal  in  all  directiuns,  and  they  wuuld  leiiuim  at  rest.  But 
if,  though  two  masses  may  be  equal,  either  has,  on  the  other 
side  of  it,  a  mass  of  a  greater  size,  or  at  a  greater  distance  than 
*  ¥M&d&)',  '  Exptciuiuutal  Kt;ataxches,'  vol.  iiL  p.  630. 
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the  other,  it  is  evideot  that  the  nitttaal  pretsuree  ol  theie  two 
equal  maaaea  will,  under  aueh  oondttiona^  be  Qnequa),  and  hence^ 
aa  in  the  firat  case,  they  will  approach.  It  ia  alao  evident  that 
a  body  mav  thua  canae  the  approach  to  itaelf  of  another  bodyj 
whatever  the  number  of  interposed  bodiea. 

9.  Thua,  if  the  conception  of  atoms  ia  applied  to  the  unequal 
and  unequally  placed  bodies  of  aueh  a  world  aa  that  preBented 
to  US|  the  law  of  universal  attraction  foUowai,  and  gravity  ia 
mechanically  explained,  that  ia,  referred  to  a  mechanical  eon* 
eeptiou. 

But  it  must  be  understood  that  the  above  proposition  is  given 
rather  to  show  that,  as  an  actual  law,  universal  attraction  may 
be  deduced  from  the  theoretical  conception  of  universal  repulsion, 
than  with  any  pretension  to  its  being  the  best  attainable  form 
of  an  explanatif>n  of  the  law.  It  may,  however,  be  rcmnrked 
that  such  an  explanation  is  in  accordance  with  the  chief  cluirae- 
teristics  of  the  force  of  gravity :  it  is  not  polar;  and  it  seems  to 
be  so  far  difft  rent  in  kind  from  other  physical  forces,  that  it  ia 
not  interchanu'riible  with  them,  as  they  arc  among  c;ich  other; 
for  the  attraction  of  gravity  is  thus  referred  to  diti'crence  of 
mass,  either  between  the  two  attracted  bodies,  or  in  the  system 
of  which  they  are  j)art.s.  And  uthti  attractions,  as  will  presently 
appear,  are  referred  to  diflcrenccs  of  tension,  or  of  dynamic  equi« 
librium ;  and  such  conceptions  do,  though  that  of  difference  of 
mass  does  not,  involve  polarity. 

10.  Consider  now  the  second  (fi)  of  the  above^atated  (7) 
general  conditions  of  the  development  of  a  force.  And,  to  fix  our 
ttionghts,  let  the  system  consist  of  three,  and  not  of  an  indefinite 
number  of  bodiea.  That  it  must  consist  iA  at  leaat  three  bodies, 
will  be  evident  from  the  general  reaaoning  of  this  theory ;  for 
the  fundamental  difference  between  the  eatabliahed  and  the  pro- 
posed conception  of  a  force  is  this >a  cause  of  motion  is  ordi« 
narily  defined  as  ''an  action  between  two  bodies;"  it  is  here 
conceived  as  a  differential  action  between  tla-ee  bodies, — a  concep- 
tion, it  ia  aubmitted,  equally  defensible  by  metapliysical  reason- 
ing and  by  physical  experiment. 

11.  The  displacement  of  a  molecule,  conceived  as  an  atomic 
centre,  may  be  evidently  under  such  physical  and  analytically 
expi c^sible  roiulitiniis  as  to  cause  such  displacement  to  be  per- 
manent or  alternatinji:.  The  first  gives  tlie  conception  of  tension, 
by  which  electric  and  niai^nctic,  the  second  that  of  vibration 
and  undulation,  by  which  optic  and  acoustic,  phenomena  are  ex- 
plained. 

Let  the  conditions  of  the  displacement  of  the  molecular  centres 
of  lines  of  pressure  be  such  that  they  are  (and  consequently, 
the  body  they  constitute)  m  a  btuce  of  tension. 
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'  It,  The  theory  of  electricity  here  proposed  is  th^  develoj^^' 
ment  d  the  idea  of  the  teneion  of  atoms  as  above  defined.  Hence 
it  is  an  immediatCi  not  a  mediate,  mechanieal  eonception  of  the 
phenomena ;  for  the  conceptions  of  atoms  or  of  centres  of  lines 
of  pressure  are  not  hypotheses^  bat  convenient  forms  of  the 
gieneral  conception  of  the  parts  of  matter  as  mntually  repelling. 
And  the  gronad  of  the  theory  is  this,  that  if  matter  is  so  con- ' 
ceived,  experimental  facts  may  themselves  at  once,  and  with- 
out the  aid  of  hypothetical  virtues  or  sthers,  be  mechanically 
conceived.  For  the  theory  has  arisen  from  finding  that  the 
nUtre  simply  faets  were  worded  the  clearer  expressions  they 
became  of  the  general  laws  of  mbtion;  and  that  hvpotheses 
only  obscured  the  meaning  and  necessity  of  the  relations  of 
phenomena.  It  should  therefore  seem  to  be  here  sufficient 
brieily  but  clearly  to  express  tin*  ronception  of  tension  in  its 
general  relations,  without  entering  into  any  (Irtailcfl  explanation 
of  how  it  aj)plies  to  different  pht  nmiK  iia ;  lor  it  there  is  any 
tnith  in  the  ili*  (ly,  such  application  ought  at  once  to  appear  to 
those  who  ran  look  at  phenomena,  and  not  at  their  hypothetical 
repieseiitations  only,  at  least  admissible.  The  clear  proof  that 
phenomena  can  be  thus  immediately  (trorn  a  general  conception  of 
matter,  and  withoat  ;ml  of  hypotheses)  mechanicallv  conceived, 
rests,  of  course  with  uuaiysisj  on  the  data  of  recorded  and  fur- 
ther experiments. 

18.  Little  more,  therefore,  will  here  be  offered  than  ^rmd 
fame  evidence  of  the  truth  of  the  theory.  The  nbove  considera^ 
tions  suggest  that  this  may  perhaps  best  be  given  by  a  state* 
ment  of  those  general  mechanieal  conceptions  of  (I.)  the  nature, 
(II.)  the  states^  and  (III.)  the  effects  of  electricity,  which  appear 
to  be  rather  inductive  genendisations  of  phenomena  than  hy* 
potheses  by  which  they  are  to  be  explained*  A  few  experi- 
mental facts  will  be  recalled  under  each  head,  bat  rather  aa 
suggestive  of  others  than  as  by  any  means  exhaustive  of  those 
which  might  be  cited  in  support  of  these  generalisations. 

14.  As  to  (I.)  the  nature  of  electricity:  it  is  conceived  as  a 
permanent  (not  alternating)  displacement  of  molecular  centres  of 
lines  of  pressure.  Hence  duality  and  polarity.  For  by  such 
displacement  there  is  evidently  a  tendency  to  produce  motion 
of  opposite  characters  in  opposite  directions  ;  the  pressure  of  the 
lines  beinir  increased  in  the  direction  of  displacement,  and  cor- 
respondingly diminished  in  the  opposite  direction.  Hence  also 
the  identity  of  the  various  forms  in  wliieh  electricity  may  be  de- 
veloped ;  the  various  conditions  of  such  displacement  differing  only 
in  inteii-it\  und  quantity;  and  these  being  inversely  as  each  other. 
For  if  intensity  is  eoTiecived  as  amplitude  of  di.s})laeement,  it  is 
clear  that^  as  the  coiidiuoii  of  a  great  displacement  oi  a  centre  of 
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lines  of  pressure  is  evidently  the  resistance  or  nou-displacement 
ol  ihe  centres  of  one  or  more  of  the  liinitinu:  atoms  in  the  direc- 
tion of  displaceuicnt,  the  more  equally  and  quickly  displacement 
of  one  atomic  centre  causes  displacement  of  all  neighbouriDg 
centres^  the  lesa  will  be  the  amplitude  attained  by  the  origiiially 
duplaeed  molecule. 

15.  The  fitness  of  the  conceptiona  here  offered  of  the  mahim 
and  tiatu  of  electricity  will  appear  chiefly  in  the  proof  of  the 
generalisationa  to  which  they  lead  of  the  effeeU  of  electricity. 
Bat  the  above  view  of  the  nature  of  electricity  ia  also  founded  ' 
on  such  laeta  aa  these.  The  ^'sources  de  P^ectricit^V'  meeha* 
nicaly  thermal^  or  chemical,  are  all  motions,  or  conditions  of 
displacement.  These  motiona  are  of  different  momenta.  Com- 
paq facta  aa  to  the  heterogeneonsness  of  the  bodies  in  frictiimal 
and  thermal  electricity ;  and  as  to  their  compound  character  in 
chemical  electrieity,  interpreted  by  the  theory  of  the  chemical 
constitation  of  bodies  hereinafter  enunciated.  In  reference  to 
the  above  conception  of  the  difference  of  electricities,  compare 
facts  proving  "  the  identity  of  electricities  derived  from  different 
sourcest/*  and,  more  particularly  as  to  intensity,  the  various  facts 
defininp:  the  correlative  conceptions  of  insulation  and  discharpre. 

16.  (11.)  The  states  of  electricity  are  thus  conceived.  (1)  in 
a  statically  electrified  body,  the  tension,  or  displacement  of  the 
molecular  centres  of  pressure,  is  in  closed  curves  fonninsr  the 
surface  of  \\\v  body,  and  the  direction  of  displacement  is  either 
outwards  (positive)  or  inwards  (neL'"ative)  ;  and  it  seems  demon- 
strable that  there  wiii  be  sucii  a  dispiacemcut  only  on  the  surface 
of  the  body. 

17.  Compare  such  facts  as  : — it  is  the  least  resistins'  of  two 
rubbed  bodies  that  is  found  nepratively  electrified  ;  if  au  elec- 
trified sj)here  is  lioliuw,  there  will  be  little  or  no  electricity  on  the 
inner  surface,  &c. 

18  Two  conditions  have  been  well  distinguished  by  Ampere  ^ 
in  (2)  dynamically  electrified  bodies^that  of  couraot  ouvert,^ 
and  that  of  "  oourant  ferm^.''  The  former  is  conceived  aa  a  con- 
dition of  longitudinal^  the  latter  of  transvme  or  spiral  tension. 
Hence  a  polarity  corresponding  to  the  duality  of  statically 
electrified  bodies.  For  electric  poles  are  conceivied  aa  extremi* 
ties  towards^  and  Irom^  which  molecular  centrea  of  linea  of  prea* 
sure  have  been  moved^  at  which,  therefore,  there  ia  not  only  a 
change  in  the  mechanical  relations  to  outward  atoms  of  the  liaca 
of  pressure  from  these  extremities,  but  a  change  at  the  one  ex- 
tremity of  increase,  at  the  other  of  diminution,  of  pressure.  And 

•  De  k  Rive,  TraiU  de  l*Electriciti,  cinqui^me  uartie,  ii.  4o6 — 828. 

t  Fanday, '  fizperimeotal  Reiearehes,'  Seriet  1  v . 
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thus  a  magnet  U  oonceived  as  a  body  tlie  molemilar  emlm  of 
premn  of  wliieh  are  tiaiiaversely  displaoed  aboat  an  axU 
joining  its  poles. 

19.  As  has  been  said^  the  fitness  of  conceptions  of  the  naton 
and  states  g(  eleetricity  is  to  be  proved  chiefly  by  their  ezplana* 
tions  of  the  effeets  of  electricity;  bnt  note  also,  in  support  of 
these  conceptions- of  current  ewctricityy  such  facts,  as  to  the 
origin  of  open  currents,  as  that  mere  dinerence  in  the  motions  of 
metals  in  contact  develope  in  them  electric  currents ;  and,  as  to 
closed  currents,  note  that  the  experimental  conditions  which  de» 
fine  a  closed  carrent,  and  the  facts  as  to  the  molecular  structure 
of  magnets,  however  much  they  may  still  require  investigation, 
seem  already  to  justify  a  conception  of  magnetism  wholly  re- 
ferable to  conditions  of  mechanical  action  and  resistance — a 
conception  the  antithesis  of  that  which  "  associates"  with  bodies 
"latent  virtne^"  and  neati*al  duids/'  and  a  conception  which 
evidently  ditiVrs  also,  thou<rh  with  respect,  from  the  later 
theories  in  which  mechanical  principles  are  applied,  not  iiiune- 
diately  to  phenomena,  but  to,  as  it  ahouid  scemi  needless  hypo- 
theses ot  "  aethers 

20.  (III).  The  effects  of  electricity  may  be  generalized  under 
these  heads  : — (A)  induction  ;  (a)  msuiation  ;  ip)  discharge  ; 
the  latter  distinguishable  into  (1)  conduction  ;  (2)  electrolytic 
discharge;  (3)  disruptive  discharge;  (4)  convection,  or  carrying 
discharge f:  (B)  motion  (4  of  bodies;  conveniently  classed  as 
(I)  ordinaiy  attractions  and  repulsiom ;  (2)  paramagnetism 
and  diamagnetism ;  (3)  right-  or  left-handed  deviations  or  ro- 
tations ;  ifi]  motion  of  the  medium,  including  heat  and  light, 
&e.  vibratiotts. 

2L  (A)  Induction  is  conceived  as  the  necessary  mechanical 
consequence  in  a  plenum  of  the  displacement  of  centres  of  lines 
of  pressure.  For  it  is  clear  that,  if  the  parts  of  matter  are  con- 
ceived as  mutually  repelling,  and  such  repulsion  is  mechanically 
conceived  in  such  forms  as  those  above  auggested — as  the  elas- 
ticity of  atomic  c^tres,  or  as  lines  of  pressure  from  moleculei^ 
-—the  displacement  of  the  molecules  forming  a  line  of  centres 
of  pressure  implies  a  disturbance  of  the  previously  existing  me- 
chanical relations,  not  only  at  the  extremities  of,  but  all  round 
stinh  a  line  of  displacement;  and  such  a  conception  implies, 
fin  Lher,  that  the  character  of  «uph  (list  iirbancc  depends  entirely  on 
ike  relations  between  the  direction  and  intensity  of  the  original 

*  I  would  desire  more  especially  to  express  the  dilhiieitce  and  respect 
with  which  I  veoture  to  diver  from  Professor  Cballis  m  to  the  otemtj 
or  advantage  of  the  fandamental  h y])otheiJi  of  hli  theoiy.   See  Phil.  Msg. 

February,  October,  nnd  December  18()<). 
t  Faniday, '  £xperimeatal  Researches,'  Series  VIX.  131^. 
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displacement  aud  the  varyiug  resistance  offered  by  the  diverse 
conditions  of  motion  and  aggregation  of  opposed  centres  of  lioet 
of  preisure. 

Now,  aa  to  the  &cta  which  jaitiiy  the  proposal  of  thit 
eoneeption  as  a  true  generalisation  by  whioh  mechanical  prineiples 
can  be  immediately  applied  to  the  phenomena  of  indaction,  it 
msy  be  remarked  that,  as  the  full  proof  of  such  a  conception 
depends  on  an  experimentally  based^  and  analytical!;^  expressed^ 
mechanical  theory  of  the  constitution  of  bodies,  it  is  only  sur^ 
prising  that,  while  so  little  hss  been  done  towards  the  establish* 
ment  of  such  a  theory,  the  general  condusions  of  researches  on 
induction,  independent  of,  or  with  wrong,  theories  of  chemical' 
constitution,  should  go  so  far  to  make  induction  mechanically 
conceivable.  Among  such  conclusions,  each  of  which  will  oaU 
up  a  vast  number  of  experimental  facts,  may  be  mentioned:—* 
Induction  is  the  origin  and  etiect  of  all  electrical  phenomena i 
and  is  an  action,  not at  a  distance,^'  but  through  contiguous 
particles  "  in  lines  of  any  curve.  Insulation  and  discharge,  or 
conduction,  arc  differences  only  of  degree;  and  bodies  have 
specitic  inductive  capacities  which  are  but  degrees  of  resisting 
power.  The  degree  to  which  particles  ni-r  ntiected  before  dis- 
charge constitutes  intensitv;  and,  in  order  to  dischartre,  inten- 
sity mu8t  be  raised  much  hiiriii  i-  for  a  solid  than  for  a  fluid,  and 
higher  for  a  fluid,  than  for  a  gaseous,  dielectric.  An  electrio 
current  has  not  only  pohir,  but  lateral,  indiu  tive  effects  ;  and 
the  "lines  of  force about  a  magnet  take  the  forui  of  a 
"  Fpii  ndyloid."  As  to  such  facts  as  that  gases,  having  the 
saiue  inductive  capacity,  differ  in  insulating  power,  and  tliat  the 
effect  of  a  lua^nia  on  a  body  without  it  is  not  affected  by  great 
rareticatioQ  of  the  medium  (or  a  vacuum),  their  explanation  more 
particularly  depends  on  a  mechanical  theory  of  the  constitution 
of  bodies,  and  the  principle  that  the  character  of  inductive  effect 
depends  on  the  conditimis  of  molecular  motion  and  aggregation 
of  the  body  acted  on. 

23.  The  general  principle  by  which  this  theor)'  gives  a  common 
explanation  of  the  above  clasai6ed  (B)  [u)  motions  of  bodies  ia 
presence  of  an  electrified  or  magnetised  body,  is  that  the  m«e^i« 
eal  motions  of  bodie$  in  such  cireumstaoces  are  effects  of  differ^ 
mtial  molecular  displacement;  or,  as  it  may  be  otherwise  ex« 
pressed^  if,  of  two  bodies,  one  resists  molecular  displacement 
from  a  centre  of  disturbance  less  than  the  other,  the  former 
moves  towards  that  centre  as  a  direction  of  least  resistance. 
For  it  is  evident  that  if  a  force  has  its  full  effect  in  a  molecular 
displacement,  the  body  will,  as  far  as  the  direct  action  of  that 
force  is  concerned,  remain  at  rest ;  and  that  if  the  molecules  of 
a  body  resist  displacement,  the  force  will  have  its  effect  in  tha 
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repulsion  of  tlie  body.  Molecular  and  bodily  motion,  or  resist* 
ance  thereto,  are  inversely  as  each  other.  Uence,  if  a  faree  bat 
more  effect  in  producing  molecular  displacement  in  one  body 
than  in  another,  the  difoence  will  be  aeen  in  a  tendency  to  repel 
thia  seooiid  body,  the  reaction  of  which  will  evidently  urge  the 
fint  towards  the  centre  of  force. 

24.  A  eoiollarv  of  thia  theorem  that  electrified  bodies 
of  whidi  either  the  moleeolar  tension  or  the  indnctive  lateral 
disturbance  is  in  the  same  direction  approach ;  or,  as  it  may  be 
otherwise  more  concretely  expressed,  opposite  poles,  and  similar 
currents,  attract.  For  it  is  evident  that,  when  the  directiona  of 
the  molecular  displacement  of  two  bodies  are  in  the  same  line,  a 
point  of  increased,  is  opposite  a  point  of  diminished,  molecular 
pressure.  Hence,  tnuismission  of  similar  molecular  displace- 
ment from  the  one  is  in  this  position  less,  in  the  opposite,  more, 
resisted  by  the  other  than  by  the  mctlium.  i\jul  hcncc^  as 
above,  nttrnrtinn  iti  the  foniier,  and  iTpulsion  in  tlic  latter  case, 

i'orther,  it  is  cvick  nl  that,  accordinj^  as  two  parallel  currents 
or  lines  ot  tension  arc  in  the  same,  or  in  opposite  directions,  will 
their  lateral  disturbance  of  equilibrium  be  in  the  same,  or  in 
opposite  directions  inwards;  and  hence,  that  the  reverse  lateral 
motions,  or  at  least  tendencies  to  motion,  of  the  bodies,  accord- 
ing as  their  currents  arc  in  the  same,  or  opposite  directions,  are 
explicable  in  the  same  wdy  a-,  above,  the  motions  of  bodie**  with 
the  same,  or  opposite  dnections  ot"  molecular  tension,  LliuL  is, 
with  opposite,  or  the  same  poles  opposed. 

The  special  facts  which  seem  to  justify  the  advancing  of 
the  above  theorem  and  its  corollary  as  a  true  generalisation  and 
mechanical  eipUnation  of  electric  and  magnetic  motions,  may  be 
summed  up  under  the  following  experimental  conclusions: — 
Paramagnetism  and  diamagnetism  are  not  absolute,  but  relative 
eonditions  of  bodies.  Paramagnets  tend  to  pass  from  weaker  to 
stronger,  and  diamagnets  from  stronger  to  weaker,  places  of 
action.  Two  of  either  class  repel,  and  one  of  each  attract.  These 
motiona would  be  explicable  as  due  to  differences  of  conduction; 
but  magnetic,  is  quite  different  from  electric,  conduction.  As  to 
these  facts,  if  their  mechanical  meaning  is  not  from  the  forep:oing 
sufficiently  clear,  remark  that,  the  tension  of  a  magnetized  body 
being  spiral,  while  that  of  a  body  with  on  "open  current"  is 
longitudinal,  the  directions  of  the  lateral  iinhietlvc  actions  of  a 
magnet  and  an  ordinarily  eleetriticd  body  will  he  different,  and 
hence  the  molecular  eonditions  wiiieh  pci-iiiit  of  electric,  will  be 
difl'erent  from  those  which  favour  magnetie,  conduct  loii.  Ami  if 
differences  of  conduction,  that  is,  of  molecular  di*^plaecment,  are 
thus  admitted  in  the  explanation  (tf  paramagnetic  atid  diain  iiruiiic 
phenomenay  it  is  evident,  from  what  has  biien  already  said  of  the 
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effect  of  differential  molecular  actiou,  that  a  better  conductor 
will^  in  moving  in  the  direction  of  least  resistance,  pass  to  a 
stronger  place  of  action. 

The  above  conclusions  arc  Faraday's*;  but  the  theorem  and 
coioUaiy  as  geneializatious  rest  also  ou  the  facta  adduced  by 
Ampere  and  his  successors  in  support  of  bis  helix*theory  of  the 
magnet. 

A  third  most  important  ekss  of  faeU  by  which  the  view  here 

E'veii  of  the  mechanical  conditions  of  the  dectrie  motions  of 
>diea  may  be  anpported,  is  the  disposition  of  iron  filings  abont 
one  or  more  electrified  wires  or  magnets  in  various  posittons« 
and  the  information  given  by  a  moving  wire  as  to  magnetic 
forces. 

26,  Tlie  fandamental  importance  of  the  conceptions  of  a  force 
as,  in  general,  a  difference  of  pressures,  and  of  polar  attraction 
and  i*epulsion  as  the  effect  of  a  differential  molecular  action,  haa 
induced  me  to  give  such  disproportioncd  length  to  their  illustra- 
tion, that  it  will  be  impossible  witliiu  the  brief  limits  of  this 
paper  to  do  more  than  note  the  other  chief  points  of  this  general 
theory. 

What,  therefore,  has  to  be  said  on  (B)  the  effects  of 
electricity  as  manifested  in  motions  of  the  medium,  must  be 
referred  to  the  paragraph  on  the  correlation  of  forces. 

27.  There  will  not,  it  is  hoped,  be  thought  to  be  presump- 
tion in  offering  new  views  in  tlieories  which  have  bpon  elaborated 
witli  such  adnnrable  genius  as  those  of  light  and  lic;it  ;  tor  the 
most  strenuous  supporters  of  the  present  form  of  the  uuduiatory 
theory  candidly  admit  that  there  undoubtedly  are  several 
classes  of  phenomena  which  the  wave  theory  has  not  merely 
failed  to  expiuin,  but  which  are  apparently  at  direct  variance  with 
its  principlesf.^' 

It  will  be  evident  that  the  chief  new  view  necessitated  by  this 
general  theory  (and  which  alone  can  be  here  noticed)  resolves 
itself  into  a  theory  of  the  connexion  of  the  elastic  medium  with 
the  vibrating  molecules  in  it.  Now,  though  according  to  the 
present  theory  ^'it  is  certain  that  light  is  produced  by  undulations 
propagated  with  transversal  vibrations  through  a  highly  elastic 
SBther,  yet  the  constitution  of  this  »ther,  and  the  laws  of  its 
connexion  (if  it  has  any  connexion)  with  the  particles  of  bodies, 
are  utterly  unknown}."  But  the  theory  here  proposed  implies 
such  "  laws  of  connexbn.'^  For  its  practical  result  is,  that  the 
*'»ther''  is  conceived  as  the  mutually  determined  lines  of 

*  Bnt  eompnre  Tynilall'a  Memoirs  *'  On  the  Reverse  Polarity  of  Dis« 

muih"  (Phil.  Trans.  1855  and  183(>). 

t  IJ.nleii  Powell,  '  Undnlatorv  Tlicorv/  Iiitrodiu  tion,  p.  xxtv. 

I  MucCuUagh,  "Laws  of  CrystalUue  Rctlexiou/'  &c.,  Mem.  R,l,A., 
xsm.  iiS, 
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pressure  from  molecules  of  the  sisc  to  give  by  their  vibrationi 
the  sensations  of  light  and  heat. 

It  would  bcem  that  this  conception  of  the  "  lethcr  Icada  to 
the  explanation  of  more  thuu  uiic  difficulty  in  tlic  established 
theory  ;  but  nothing  can,  of  course^  he  advanced  on  such  a  point 
except  as  the  result  of  analysis. 

It  will  be  understood  that  I  tlius  speak  of  the  cooceptkm  of 
stems,  as  above  defined,  as  a  mode  of  conceiving  the  ''vther^  of 
the  nndnlatory  theory,  only  in  order  to  make  clear  the  applica- 
tion to  that  theory  of  the  fundamental  conception  of  the  general 
theory  here  proposed;  and  that  this  in  nowise  contradicts  what 
has  heok  above  said  as  to  the  seeming  needlessness  of  hypothesea 
of  tpecud  fluids,  or  sethers,  acting  on,  or  through,  matter. 

28.  A  general  chemical  theory  is  made  up  of  two— a  theory 
of  the  eoQstitution,  and  a  theory  of  the  combination,  of  bodies. 
As  to  the  constitution  of  bodies,  the  principal  views  here  offered 
are: — Bodies  are  conceived  as  states  of  dynamic  molecular  equi- 
libriom,  that  is,  as  states  of  molecular  motion  in  which,  while 
there  is  no  decomposition,  the  intensity  of  motion  is  at  all  points 
equal.  Hence,  their  differences  are  conceived  as  resulting  from 
different  conditions  of  molecular  motion  ;  and  thus  specific  heat 
becomes  one  of  the  chief  exponents  of  the  nature  of  a  bofly. 

The  distinguishiiif;  mechanical  characteristic  nf  the  niiseous, 
fluid,  and  solid,  states  of  matter  is  deprree  of  tangential  resistance. 
In  an  absolutely  })errcct  gas  the  inuleculcs  would  be  of  equal 
mass  and  at  equal  distances:  henee  perfect  equality  of  resist- 
ance in  all  diieciiuiis.  But  let  there  be  inequality  either  in  the 
masses  or  distanccrs  of  the  nioh  eular  centres  of  pressures,  it  is 
evident,  lioin  the  same  reasoning  as  that  above  applu  d  to  the 
mechanical  explanation  of  gravity,  that  there  would  be  a  cohesive 
force  developed,  the  consequence  of  which  would  be  inequaUty 
of  resistance.  Flaids,  therefore,  as  opposed  to  solids,  are  con- 
ceived as  bodies  the  molecnles  of  which  are  of  sensibly  equal 
masses  and  at  eqaal  distances ;  and  gases,  as  opposed  to  liquids, 
as  bodies  in  which  the  distances  of  the  molecnles,  thongh  equal, 
are  greater  than  in  liquids.  Hence  the  greater  amplitude  of  their 
motion,  or  specific  heat. 

The  consideration  of  this  theory  of  bodies  with  reference  to 
that  of  Kronig*  and  Clansiusf  ,  cannot  be  at  present  entered  npom 

*  "  OmndzU^  einer  Theorie  der  Oase,"  Pon.  Ann.  xdx.  316. 

t  "  Ueber  die  bew  egeude  Kraft  der  Warme/*  Fo^.  Amn.  Izziz.  394 ;  and 

"  I'pher  (lie  Art  der  Bewetrtinj?  welehe  wir  Warme  ncnnen,"  \h\i\.  c.  353.  Set 
also  Prof,  Maxwell's  "Illustrations  of  the  Dynnaiical  Theory  of  Gases/'  PhiL 
Mag.,  January  and  July  I860.  Dr.  Tyndall's  discoveries  and  researches 
"  (in  the  Transmission  of  Heat  of  ditferent  qualitie»  through  Gases  of 
different  kinds  "  (Proi  ecillngs  of  llio  Royal  Institution,  June  10,  IS59), 
are  of  the  ^eatest  importance  in  such  a  dyoamicai  theory  of  the  conatitu- 
tion  of  bodies.  • 
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29.  The  combination  of  bodies^  in  whatefer  way  it  iakct 
place,  and  not  contining  the  meaning  to  the  formation  of  salta*^ 
ia  conceived  as  the  e»tabtishment  of  a  new  state  of  dvnamie 
equilibrium  t-  Hence  there  must  necessarily  be  definite  laws  of 
chemical  combination. 

But  as  it  is  proposed  to  give  the  oatlines  of  this  mechanical 
theory  of  chemistry  in  a  future  paper  or  papers,  it  is  unnecea* 
sary  to  enter  more  fully  upon  it  at  present.  A  theory  so  tm« 
portent  has  been  introduced  in  a  paper  in  which  it  must  be  so 
inadequately  expressed,  only  to  complete  the  general  outline  of 
the  science  of  motion,  and  because  a  mechanical  theory  of 
chemistry  is  the  necessary  complement  of  the  above-giveii 
mechanical  theory  of  electricity. 

30.  In  such  a  theory  of  forces  as  that  here  proposed,  the 
great  experimental  truth  of  the  correlation  of  forces'*  J  assumes 
an  axiomatic  clearness.  Especially  is  it  to  be  noted  that  it  gives 
an  account  of  the  diffi  rencc  of  the  correlation  hetween  electricity 
and  ma2:Tictism,  and  tiiat  of  either  of  these  witii  light,  he;it,  &c. 

'  The  foniier  is  a  correlation  of  coexisteuce,  the  latter  ot  change 
of  conditions. 

If  I  have  been  successful  in  making  clear  the  conceptions 
offered  in  this  theory  of  electricity  and  magnetijiiu  aud  of 
induction,  it  will  be  unnecessary  here  to  say  anything  further 
of  this  correlaliuii  of  coexiistcncc ;  for  it  is  implied  in  the  concep- 
tion of  induction  ai  a  mechanical  effect  varying  with  rcsi?.t- 
ance,  and  manifested  at  right  angles  to  a  longitudinal  or  trans- 
verse (spiral)  line  of  tension,  that  is,  of  permanent  (not  alterna- 
ting) molecular  displacement.  Aud  if  electricity  is  a  permanent^ 
light  an  alternating,  molecular  displacement,  their  correlation  ia 
evident,  the  conditions  of  their  Interchange  assignable,  and  an»* 
lytically  expressible* 

But  not  only  is  the  correlation  thus  dear  of  physical  motions 
among  themsdves,  but  also  of  these,  as  a  class,  with  mecha- 
nical motions  on  one  side,  and  chemical  motions  on  the  other- 
dear,  that  is^  that  the  stopping  of  a  mechanical,  or  the  beginning 
of  a  chemical,  motion  implies  more  or  less  molecular  displace* 
ment  under  such  conditions  as  those  above  assigned  for  dec* 
tricity,  light,  and  heat.  But  what  is  the  proof  of  such  a  corre- 
lation of  forces  but  the  sublime  "  persuasion  that  all  the  forces 

*  Berthelot's  ditooveries  have  definitively  broken  down  the  dntinctkm 
between  Inorganic  and  Organic  Chemistry.    See  his  Chimie  Orgamque, 

t  CompaK  WiUiamaon's  Theory  of  EtherificstioB/'  Chem.  Soc.  Qiurt. 
Joam.  iv.  110. 

1  Grove.  See  alto  Hehnhohx  in  Taylo/s  Seientifie  Memoirs,  1853, 
p.  124;  and  compare  Rendu's  "  circulation*'  of  fire,  light,  electricity,  md 

mngTietism,  Theoric  drs  (Uariers  de  la  SGVoii\  Memoirs  of  the  Ro)aI 
Academy  of  Sciencea  of  ^voy»  1841,  cited  in  TyndaU'ft  '  Glaciert  of  the 
Aip»;  p.  299. 
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of  nature  are  mutually  dependent,  have  one  common  origm,  or 
rather  arc  different  manifestations  of  one  fundamental  power*** 
— become,  at  least  for  all  the  phenomena  of  Motion  as  distin- 
guished  from  those  of  Orowtli^  ft  Mientifie  truth  ? 

81.  For  the  8ake  of  distinctly  defining  by  its  relations  the 
Science  of  Motionj  a  few  words  may  he  added  on  the  Classifica- 
tion of  the  Sdeneea  proposed  hy  the  author.  The  general  di- 
visions of  each  of  the  two  great  classes — the  Natural  and  Humane 
Sciences-rare  (A)  the  Systematic^  (B)  the  Descriptive^  and  (C) 
the  Historic  Sciences. 

Hie  Systematic  Natural  Sciences  are  tlie  sciences  of  (1.)  Mo- 
tion, (II.)  Growth,  (III.)  Species  ("the  Classificatory  Sciences ** 
of  AVhewell)t. 

The  twofold  aubdivision  of  each  of  the  thiee  aciencea  of 
motion  will  be  evident  from  the  foregoing. 

Each  of  these  rational  sciences,  as  well  as  those  making  up 
the  Science  of  Growth,  have  a  corresponding  applied  science. 

The  Science  of  Motion,  as  a  distinct  science,  and  not  as  merely 
a  p:rneral  name  for  the  sciences  of  mechanics^  physics,  and  che- 
mic^,  luis  a  twofold  division. 

T'nder  the  first,  the  general  relations,  laws,  or  principles  of 
motion,  without  rcjrard  to  the  particular  conditions  of  its  cause, 
would  be  considered:  such  gineral  ])rin(ipks,  for  instance,  as 
Galileo's  laws  of  Inertia,  and  of  tlie  C()lnp()^ition  of  Motions  ; 
Newton's  law  of  the  Equality  of  Action  and  Reaction  ;  its  genera- 
lization in  D'Alembert's  principle;  Jean  Bernoulli's  prin- 
ciple of  Virtual  Velocities ;  A  arignuu's  geometrical  theorem  on 
Moments ;  Poinsot's  theory  of  Couples ;  cwton's  principle  of  the 
Conservation  of  the  movement  of  the  Centre  of  Gravity ;  Kepler's 
principle  of  Areas ;  Laplace's  theorem  on  the  Invariable  Plane ; 
Euler'a  on  Moments  of  Inertia,  and  Principal  Axes ;  Huygens'a 
principle  of  the  Conservation  of  Vires  vivs;  Daniel  Bemoulti'a 
theorem  on  the  Coexistence  of  small  Oscillations,  &c. 

The  object  of  the  second  division  of  the  General  Science  of 
Motion  would  be  the  generallEation  of  the  conditions  giving  rise 
to  tbc  various  Forces  of  Motion,  mechanical,  physical,  and  che- 
mical, and  their  correlations.  This  paper,  therefore,  has  treated 
of  the  principles  of  but  one  divisiim  of  the  science. 

The  divisions  of  the  special  science  of  Mechanics,  that  on 
Solids,  and  that  on  Fluids,  would  be  conveniently  considered  in 
kinematicai§,  statical,  and  dynamical  sections. 

*  Fsnday, '  Experimentfil  Rcseaiebcs,*  2702. 
f  Hiitoiy  of  the  Inductive  Sciencei^  iii.  p.  211. 
X  Poisson,  Traite  dc  Mf'canique,  i.  p.  fj51. 

§  See  Ampere's  Essai  sur  la  PkUosophie  ties  Scinires  ;  Willis's  piefiice 
to  his  '  Principles  of  Mechaniim,'  aiid  the  an-ungtuieut  uf  Raukine's 
'Sla&iial  of  Applied  Heehanics'  {Enejfe,  Meirop.), 
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32.  In  conclusion,  na  every  one  of  these  theories  is  so  de- 
pendent on  cverv  otlicr,  timt  it  was  necessary  to  give  iirst  a 
general  outhnc  of  tlieni  all,  it  is  hoped  that  aUowanec  will  be 
made  for  the  impeiieetion,  or  even  inaccuracy,  unavoidable  in  so 
brief  an  exposition  ol  each.  And  lest,  from  imperfect  expres- 
sion^ the  general  principles  themselves  may  be  misimderstoodj 
it  may  be  added  that  the  aathor's  confidence  in  them  arises 
only  from  their  long-tested  seeming  aceordanoe,  not  only  with 
eaipmmental  generalisations^  but  with  mentijic  metaphysics.  For 
every  physical  theory  must  be  implicitly,  or  explicitly  foonded 
on  metaphysical  views  as  to  the  nature  of  Knowledge,  as  to  the 
mode  in  which  Matter  and  Force  are  to  be  conceived,  and  as  to 
the  meaning  of  Law.  And  the  metaphysical  bases  of  this  phy- 
sical theory  have  been  chiefly  found  in  the  Philosophy  of  Baoon^ 
and  of  the  Scottish  School. 

The  necessary  limitation  of  human  knowledge,  the  central 
doctrine  of  Sir  William  Hamilton's  system,  and,  indeed,  the 
great  result  of  the  modem  Critical  School  founded  by  Kant,  is 
the  citadel  of  those  who  would  clear  the  Natural  Sciences  of 
absolute,  and  essentially  distinct,  force  or  forces  acting  on, 
associated  with,  or  emanating  from,  matter.  The  fundamental 
conception  of  this  theory — that  of  a  force  a:5  a  condition — is  but 
a  development  of  the  doctrine  of  "  Forms/'  "  the  investigation  of 
which  is  the  principal  objict  of  the  J3aconian  method  of  induc- 
tion*." The  conception  of  matter  is  in  accordance  with  that  of 
snb'jtnnces,  as  "corpora  individua  cdentia  actus  puros  individuos 
ex  Icget  and  that  of  a  Law,  as  not  an  imposed  rule  to  be 
discovered,  but  a  relation  to  be  expressed,  seems  to  agree  no  less 
with  the  pnnciplcs  of  Bacon,  with  wlioni  "  the  statement  of  the 
distinguishing  character  of  the  motion  or  ari-augcment,  or  of 
whatever  else  may  be  the  form  of  a  given  phenomenon,  takes  the 
bliapc  ul  a  L:i\v  ^  /*  than  with  the  principles  of  MiU§. 

ti  Stone  Buildings,  Lmcoln's  Inn, 
lOth  Dec.  I860. 


VI.  On  the  Opacity  of  the  YcUow  Soda-Flame  to  Light  of  its 
own  Colour.    By  William  CfiooK£8||. 

IN  their  remarkable  investigations  on  the  colours  which  certain 
substances  impart  to  the  flames  in  which  they  are  heatedf  , 
Professors  Kirchhoff  and  Bunsen  describe  certain  ezperimenta  by 

*  Bacon's  Works,  by  Ellis  sad  Spedding,  i.  p.  31. 
t  Ibid.  :  Ihia.  p.29. 

§  System  of  Lojric,  Ratiocinntive  and  Inductive. 
II  Coiumuuicuted  by  the  Autiiur. 

%  Chemical  Analysis  by  Spectmm  ObicnratioDS.  By  Plofassors 
Kirdihoir  and  Bunsen.  Phil.  Msg.  S.  4.  vol.  u.  p.  89.  August,  I860,  j  j. 
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which  they  prove  that  the  lominoits  liuet  which  are  produced  in 
tiie  spedram  of  a  apirit-  or  gaa-flamej  when  aalU  of  the  alkaliea 
or  alkaline  earths  arecauaedto  volatiliae  therein,  become  rmnMf 
(i.  e.  that  the  bright  tinea  become  changed  to  dark  ones)  when 
a  aource  of  tight  of  sufficient  intensity,  and  giving  a  oontinoooa 
apectmm,  is  placed  behind  the  coloured  flame. 
.  Daring  some  researches  on  the  apectra  of  artificial  flames  which 
I  have  been  carrying  on  aimulUmeously  with  MM.  Kirchhoff  and 
Bunsen,  odc  or  two  forms  of  experiment  suggested  themsdvea 
which,  while  they  perfectly  corroborate  most  of  the  facts  men- 
tioned by  them^  seem  to  merit  attention,  from  the  facility  with 
which  they  may  be  performed,  and  the  striking  manner  in  which 
the  phenomena  can  be  exhibited  to  several  persons  at  once  with- 
out the  necessity  of  employinc:  any  optical  apparatus.  The 
atmosphere  of  tlic  room — or  ratlier  that  parf  of  it  in  which  the 
illustration  is  pertorincd — is  to  be  first  nnpreiTTKifcd  with  soda- 
amoke^  by  i^nitin*,^  a  piece  of  sodium,  tlie  size  oi  a  pea,  on  wet 
blotting-paper.  Any  tlauic,  whether  of  pas,  spirit,  a  candle,  i>cC., 
which  may  now  be  burninp:  anywhere  in  that  part  of  the  room, 
will  exhibit  in  a  marked  manner  the  well-known  yellow  aoda- 
flame;  and  if  the  full  amount  of  i^as  in  au  ordinary  wire-gauze 
air-burner  is  turned  uu  and  ignited,  it  will  give  a  unifonnly 
brilliant  yellow  tlame^  upwards  of  a  foot  high  aud  3  iuchea  in 
diameter. 

If  a  smaller  flame  be  now  moved  in  firont  of  this  large  one,  it 
will  exhibit  a  cnrions  phenomenon.  Those  parts  of  it  which  are 
ordinarily  seen  to  be  Inminoua  will  suffer  no  change,  other  than 
that  slight  diminution  in  intensity  which  might  be  anticipated 
from  their  projection  in  front  of  a  broad  but  not  very  brilliant 
source  of  light ;  but  beyond  these  there  will  appear  a  abarply* 
ent  and  intenaely  black  narrow  borderi  closely  aurronndiog  tha 
visible  flame,  and  presenting  the  curious  appearance  of  the  latter 
being  set  in  an  opake  frame.  A  closer  scrutiny  will  show  that 
the  position  of  this  black  rim  is  not,  as  I  at  first  supposed,  in 
that  outer  cone  in  which  the  yellow  aoda-flame  is  most  distinctly 
seen,  but  that  it  lies  in  the  dark  space  immediately  outside  the 
luminous  part  of  the  iiame,  affording  proof  of  the  existence  of 
another  invisible  cone  of  vapour.  The  tlame  from  a  tallow  candle 
shows  this  ap])earance  better  than  that  of  wax  or  sperm,  pro- 
bably on  account  of  its  infi  rior  luminosity.  A  small  spirit-  or 
gas-llame  will  also  answ  rr  very  well ;  but  I  think  a  tallow  candle 
shows  the  phenomenon  in  a  more  striking  manner. 

The  fact  of  the  cone  of  yclhiw  soda-flamc  being  transparent, 
while  the  outer,  non-luminous  space  is  perfectly  opake  to  the 
same  kind  of  light  placed  b(  liind  it,  appears  \\orihy  of  attention. 
It  seems  to  show  that  the  yellow  iianie  cau&ed  by  the  presenoa 


Digitized  by 


On  the  Lmm  ^  Aktorpde*  ofLiqmS$iyPorw$  Suhtimm,  iT 

of  incandescent  solid  particles  of  a  sodium  compound  has  no 
very  marked  absorptive  action  on  light  of  ita  own  oolour ;  but 
that  to  give  rise  to  tbia  kind  of  opacity  it  ia  neoeaaarr  that  tha 
aodium  compound  ahoold  be  in  the  atate  of  vaponr.  It  appean, 
moreover,  to  prove  that  it  ia  not  neceaaary  for  thia  vapoor  to  ba 
in  the  metalke  atate;  for  it  conld  hardly  be  supposed  that  ao 
highly  combostible  a  vmpoar  as  that  of  metallie  sodium  could  bo 
preaent  in  that  part  of  the  flame  which  is  seen  to  poasesa  thia 
great  opacity.  That  aoda  salts  are  easily  volatile  at  the  tempera- 
ture of  flame,  ia  a  fact  abundantly  proved  by  Bunsen*.  The 
reason  why  the  opacity  is  only  exhibited  by  that  part  of  the  outer 
ahell  of  vapour  which  ia  aituated  at  the  edge  of  the  flame,  and 
not  by  ita  entire  extent,  is  owinp:  to  ita  thickness  being  inauffi- 
cient  to  produce  aensible  absorption  on  rays  which  traverse  it 
perpendicularly ;  an  appreciable  action  taking  place  only  when 
they  pass  as  a  tangent  to  the  ed^c  of  the  flame,  and  thus  traverae 
a  considerable  extent  of  absorbing  medium. 


VII.  Experimental  Researches  on  the  Laws  of  Absorption  of 
Idquiik  by  Porous  8ub$tance8.   By  Thomas  Tatm,  E§q* 

[Continued  from  vol.  zz.  p.  510.J 

II.  On  the  FiUraHon  oflAqtM  through  different  Porom 

Substance, 

FILTRATION  is  in  general  produced  by  the  action  of  two 
forces,  viz.  by  the  force  of  absorption  aud  that  of  pressure. 
Filtera  may  be  divided  into  two  classes.  The  first  claaa  com* 
prisea  those  aubatancea  which  are  highly  porona,  and  which 
undei)go  little  or  no  change  during  the  process  of  filtration* 
The  aecond  claaa  comprisea  those  aubatancea  with  dose  porea^ 
which  under  certain  circumstances  undergo  a  decided  cnange 
during  the  proceaa  of  filtration.  The  following  laws  (with  cer- 
tain limitations)  apply  to  both  kinds  of  filters : — 

1.  The  rate  of  tiltration^  other  things  being  the  same,  varies 
directly  aa  the  area  of  the  surface  of  the  filter  in  contact  with 
the  liquid^  and  inversely  as  the  thickness. 

2.  The  rate  of  filtration,  other  things  being  the  Baae«  increaaea 
in  a  high  ratio  with  the  increase  of  temperature. 

3.  The  rate  of  filtration,  other  things  being  the  same,  varies 
aa  the  depth  of  the  column  of  liquid  upon  the  filter. 

And  so  on  to  other  laws  which  will  be  hereafter  illustrated. 
These  cxpenmenis  were,  for  the  most  part,  made  with  the 
apparatus  represented  in  the  annexed  diagram. 

*  Phit  Mag.  K>.  4.  ToL  xviii.  p.  513. 
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AB  awide  glass  tube, containing  the  liquid^ 
about  2  feet  in  length,  graduated  into  units 
of  cubic  inches^  or  into  unitB  of  balf  cubic 
incbes,  as  the  case  mav  be;  C  and  D  two 
equal  plates  of  polished  slate  having  equal 
orifices  bored  through  their  centres;  the 
plate  G  is  cemented  (with  a  resinous  cement) 
to  the  bottom  of  the  tube,  and  the  filter  € 
is  cemented  to  both  plates,  so  that  all  lateral 
dischaige  from  the  tilter  ia  stopped^  and  at 
the  same  time  the  tilter  presents  a  surface,  in 
contact  with  the  liquid,  equal  to  the  section 
of  the  orifices  of  the  plates.  AU  liquids, 
before  being  used  in  the  filtrometer,  were 
twice  filtered  through  ordinary  filtering 
paper,  and  thr  top  of  tho  filter  tube  AB  was 
covered  tlunng  the  experiment  to  prevent  any 
dust  iVoni  falling  into  the  liquid.  The  tube 
AB  was  filled  up,  with  the  liquid,  to  a  cer- 
tain point  of  the  graduation,  and  then  the 
time  at  which  the  liquid,  in  its  descent,  ar- 
rived at  the  different  points  of  the  gradua- 
tion was  duly  uuted. 

Erperimpnt  XVI. 
The  filter  used  in  this  experiment  was  common  wood -charcoal 
half  an  inch  m  thickness.  The  hquid  was  distilled  water.  The 
diameter  of  the  orifice  of  the  plate  was  iV^hs  of  an  inch.  The 
filter-tube  was  erraduated  into  8  units,  each  containing  half 
a  cubic  inch,  and  the  8  divisions  measured  9-2  inches.  The 
temperature  wa^s  throughout  the  e.xpc  rinient.  'J'he  results 
recorded  in  the  third  column  of  the  following  Table  arc  obtaiued 
by  dividing  the  unit  oi  space  by  the  mean  of  the  tnne.s  taken  in 
describing  the  two  consecutive  units  of  space;  thus  the  velocity 
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The  near  coincidence  of  the  results  in  the  third  and  fourth 
columns  shows  that  the  velocitt/  of  discharge  varies  direetly  a$  the 
height  of  the  column  of  liquid  imon  ike  filter. 

Let  S' s  the  whole  depth  of  the  liquid  at  the  commencement 
of  the  experimentj  in  units  of  the  divisions  of  the  filtrometer ; 
8  =s  the  descent  of  the  liquid  in  the  time  T;  v  s=  the  cone- 
spondii/g  velocity  of  descent ;  a,y,ps^  constants ;  then  we  have 
;zcuerally, 

T=*e-7l0g  (S'+p^S)  (1) 

By  differentiation^  we  get 


7 

2*30258 


In  the  ioregoiiig  experiment^  /)=0, 


2*80258 


7  553' 


.  (3) 

and  the 


rdation  of  time  and  space  is  expressed  hy  the  formula 

T= 415*74- 460-4 log  A  (4) 

Tlils  cxpcnmcnt,  upon  being  repeated,  gave  a  slight  dmiinu- 
fifni  ID  the  velocity  of  descent  of  the  liquid,  sbowmg  that  the 
filter  had  undergone  only  a  very  slight  change  during  the  pro- 
cess of  filtration.  Tins  ubservation  applies  to  the  filters  used  in 
the  three  following  experiments. 

BaperimetU  XVII. 

The  filter  in  this  experiment  was  coke^  '^^^^ 
th ickness.   The  liquid  was  distilled  water.   Tne  diameter  of  the 
orifice  of  the  plate  was  -fj^thz  of  an  inch.   The  filter-tnbe  was 
the  same  as  in  the  last  experiment^  and  the  temperature  was  57° 
throughout  the  experiment. 
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Here  it  will  be  observed  that  the  liquid  followed  the  same  law 
of  descent  as  that  of  the  preceding  experiment. 

Reducing  the  coke  filter  to  the  same  thickness  and  diameter 
of  orifice  as  in  the  case  of  the  ciiarcoal  tilter,  we  find,  under  the 
same  circumstances  of  pressure,  &c.,  the  filtering  |)ovver  of  the 
charcoal  to  be  3  j  tiu)e::i  that  oi  the  coke.  ^ 

The  filter  in  this  experiment  wm  stout  woollen  cbth.  The 
liquid  was  distilled  water.  The  diameter  of  the  plate  waa  f^ths 
of  ao  inch.  Eaeh  half  cubic  inch  graduation  of  the  filter-tube 
measured  on  an  average  1*55  ineh^  ao  that  the  height  of  the 
liquid  colamn  at  the  commencement  of  the  experiment  waa  15*5 
inches. 
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Here  the  results  of  the  third  and  fourth  oolomna  show  that 
the  velocity  of  discharge  varies  according  to  the  same  law  as  in 
the  two  foregoing  experiments. 

Experiment  XIX« 

la  this  experiment  the  filter  was  sponge  plugged  tight  into 
the  bottom  of  the  filter-tube^  which  was  the  same  as  that  of  the 
last  ejLperiment. 
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The  results  of  this  experiment  show  that^  for  the  first  nine 
imits  of  descent,  the  relocity  of  disehsrge  vsries  almost  exactly 
as  the  h^ffht  of  the  colamo  of  liquid.  For  the  last  two  units, 
the  rate  or  discharge  considerably  exceeded  that  which  the  for- 
mula t;=s  would  give,  showing  that  the  effect  of  the  absorb- 
ent power  of  the  filter  greatly  exceeded  that  wbich  would  he  due 
to  the  pressure  alone. 

This  experiment  was  repeated  widi  little  or  lio  variatioii  in 
the  results. 

Similar  results  were  obtained  from  filters  formed  of  plugs  of 
different  sorts  of  soft  porous  material ;  also  from  a  filter  formed 
of  fine  sea-sand  laid  upon  a  perforated  plate. 

The  following  experiment  was  made  to  determine  the  rarifttto& 
of  the  rate  of  filtration  due  to  increase  of  temperature, 

Tlie  liquid  used  in  this  experiment  was  distilled  water,  and 
the  filters  were  those  employed  in  Experiments  XVI.  and  XIX. 

With  the  charcoal  filter  under  a  constant  pressure,  the  time 
reqiiired  to  dischargt  one  cubic  inch  of  liquid  at  52"^  teni])(  ra- 
ture  was  111-  stconds;  whereas  at  the  temperature  of  90"  it  only 
required  G5  seconds.  In  this  ease  un  increase  of  38**  of  tem- 
perature increased  the  rate  of  discharge  1|  times ;  that  ia,  the 
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rate  of  discbai^e  was  nearly  doubled  by  the  additiou  of  38^  of 
temperature. 

\ViLli  the  sponge-filter  the  following    suits  were  obtained: — 

Time  in  seoondi  to  discharge  11  cubic  inches  of  ^nter. 
At  50°.         At  800.         At  9(F.        At  1  fXp. 

420"         286^'         246^  204" 

Here  an  increase  of  temperature  from  50°  to  90°  caused  the 
rate  of  discharp:e  to  be  increased  1*707  times,  a  result  nearly 
coiiicidiiig  uitli  that  determiued  for  the  charcoal  filter.  At  100® 
temperature  the  rate  of  discharge  is  a  httle  more  than  double  the 
rate  at  50°.  These  results  farther  show  that^  for  equal  volume* 
ofdueharge,  the  decrements  of  time  are  for  the  meet  part  proper* 
tienal  to  the  inerementt  of  temperatwre* 

The  following  experiment  was  made  to  determine  the  rates  of 
fQtration  of  different  liquids  as  eompared  with  that  of  water* 

Eaperiment  XXL 

The  filter  used  in  this  experiment  was  charcoal;  and  the 
liqaids  compared  were  distilled  water^  and  three  different  sola- 
tioos  of  carbonate  of  soda.  Solution  No.  1  contained  2  per  cent, 
of  carbonate  of  soda ;  No.  2  contained  4  per  cent. ;  and  No.  3 
contained  8  per  cnit. ;  that  is  to  say^  the  per-centage  of  the  salt 
in  these  different  solutions  were  in  the  geometrical  progression 
2,  4,  8.  The  discharge  in  each  case  was  produced  under  the 
pressure  of  a  column  of  9*2  inches  of  the  liquid. 

Time  m  minutes  to  disdum 

one  cubic  inch  of  the  liqui&» 

Water  .  ,  l-73»l-73  x  l-OS^ 

No.  1.  .  .  .  l-87=l-73x  1081  nearly. 

No.  2.  .  .  •  2  03=:l-73xl  08^  „ 

No.  3.  .  .  .  2*20=1-73  X 1083  „ 

Here  it  will  be  observed  that  the  rates  of  discharge  are  very 
nearly  in  geometrical  progression.  This  property  of  nitration  is 
analogous  to  that  of  absorption^  as  shown  in  connexion  with  ex* 
periments  XI.  and  XIL  Thus  it  appears  that  the  chemical  com* 
position  of  a  liquid  affects  its  relative  rate  of  filtration. 

In  general  the  rate  of  filtration  or  filtrativeness  of  a  liquid 
seems  to  depend  mainly  upon  its  viscosity^  and  not  so  niuch 
upon  its  specific  gravity.  Alcohol,  oils,  &c.,  which  have  a  less 
specific  gravity  than  water,  have  a  low  rate  of  filtration.  Solu- 
tions of  sugar  and  starch,  even  when  much  diluted,  have  very 
low  rates  of  filtration  as  compared  with  that  of  water;  whilst 
diluted  acids  and  weak  solutions  of  alkaline  salts,  for  the  most 
partj  have  a  rate  of  filtration  nearly  equal  to  that  of  water.  In 
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these  respects  the  law  of  filtration  is  analop^as  to  that  of  absorp* 
tion;  at  the  same  time  it  must  be  observed  that  the  rehitu  c  ab- 
sorbent power  of  a  substance  docs  not  always  coireapond  to  ltd 
filtering  power. 

The  filters  used  m  the  followuig  experiment  belong  to  the 
second  clan  of  filters. 

Bxperment  XXII. 

The  filter  used  in  this  experiment  was  thick  unsized  paper,  and 
the  liquid  was  spring  water.  The  diameter  of  the  orifice  of  the 
plate  was  j^jths  of  an  inch.  The  fiUer^ube  was  the  same  as  that 
of  Experiment  XVI.  At  the  commencement  of  the  experitiiciit 
the  liquid  stood  at  the  eighth  division  of  the  tube  measured  Irom 
the  filter.   The  temperature  was  64^  throughout  the  experiment. 
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The  formula  expressing  the  relation  between  the  time  T  and 
space  S  of  descent  is 

T=262-S  (1-865*- 1)  (6) 

It  will  be  seen  how  very  nearly  the  velocity  of  descent  of  the 

liquid  is  represented  by  the  formula  «s  ^ .  1*365'* ;  showing 

that  if  the  spaces  of  descent  be  taken  iu  nritJimetical  progression, 
the  corresponding  veiacilies  of  descent  will  be  in  (jco}nctricaI  pro- 
gres9ion.    The  common  ratio  of  the  velocities  in  this  experiment 
1 

IB   . 

1-355 

The  relation  of  T  and  S  for  both  kinds  of  filters  may  be  repre- 
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lentad  by  the  general  formnk 

T=«(^-l)-7iog  (S'H-p-S), 

wliere  a,  /9,  y,  and  p  are  constants. 

When  iSssl,  thia  fonnuU  becomes  the  suae  as  tqutlioa  (1); 
and  when  7^6^  or  very  small^  it  becomes 

T=«(y9^-1),  (6) 

which  is  the  general  formula  applying  to  the  second  class  of 

filters. 

By  dilitireutiation^  we  iind 

1  n-S 

wliich  IS  a  general  Ibrmula  lor  the  rate  of  descent  of  the  liquid. 
In  the  loregoiog  experiment,  a=262'3,  ^8  =  1*355,  and 

...t,=  ^.l-855-*.  (8) 

Towards  the  elose  of  the  experiment  the  nioeity  of  descent 
became  exoeedingly  small,  showing  that  the  adhesion  of  the  liquid 
to  the  bottom  of  the  filter-tube  interfered  with  the  kw  of  velo* 
eityexpressed  by  equation  (8). 

This  experiment  being  immediately  repeated,  it  wu  found 
that  the  rate  of  filtration  had  sensibly  diminished,  showing  that 
the  filtering  power  of  the  paper  had  undergone  a  decided  change 
during  the  process  of  filtration.  This  change,  as  will  be  here- 
after shown,  is  progressive,  being  in  proportion  (within  certain 
limits)  to  the  quantity  of  liquid  filtered.  But  after  the  filter  had 
been  dried|  it  somewhat  regained  its  original  power. 

In  this  manner  various  experimenta  were  made,  which  gave 
precisely  similar  results. 

Althongrh  the  liquid  in  these  experiments  had  been  carefully 
filtered  through  ordinary  filtering-paper,  yet  it  is  possible  that 
certain  minute  particles  may  have  passed  through  the  filter,  suffi- 
cient to  deteriorate  the  tilti  ring  power  of  a  small  filtering  soiiiMie 
such  as  that  used  in  the  forcgoiuii;  exjx'rimrnt. 

The  loiiowing  experiments  were  made  on  upward  filtration. 

Ej-periment  XXITI. 

In  this  experiment  the  lilter  was  immersed  in  a  jar  of  liquid 

to  the  depth  of  7  units  of  the  filter-tube.  As  the  liquid  rose  in 
the  tube  through  the  tiitcr,  the  liquid  in  tlie  jar  was  maintained 
at  a  constant  Ifvel.  The  filter  was  the  unsized  paper  of  the  last 
experiment,  the  dianutrr  of  the  plate  bting  ths  of  an  mch. 
The  liquid  was  a  diluted  solution  of  carbonate  ui  ttoda. 
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The  near  coincidence  of  the  results  in  the  third  and  fourth 
coluiiuis  shows  that  in  this  case  the  rate  of  filtratioH  varies  directly 
as  the  pressure  upon  the  filter, 

With  a  double  filter  the  rate  of  discharge  was  found  to  be 
reduced  to  one-half  very  nearly  j  and  with  a  tilter  of  j^ths  of  an 
inch  diameter,  that  is,  one-fourth  of  the  surface  of  the  filter  in 
the  above  experiment,  the  rate  of  discharge  was  fonnd  to  be 
reduced  to  ODe*fourth  of  that  of  the  above  experiment.  Hence 
we  conclude  that  the  rate  of  filtration  vmie$  mreetly  as  the  arm 
of  the  eurfaee  of  the  filter  in  eoniaet  with  the  Hquid,  trnd  hwersely 
as  the  thichms, 

[To  be  continued.] 


VIII.  A  Theory  of  Magnetic  Force, 
By  Professor  Crallis,  F»R,S,* 

IN  my  last  communication,  containing  a  theory  of  galvaniiim, 
no  allusion  was  made  to  thermo-electric  plic nomena.  This 
omission  I  propose  to  supply  before  proceeding  to  the  theory  of 
magnetism,  the  fact  that  galvanic  currents  may  be  produced  by 
heat,  being  confirmatory  of  the  explanation  given  by  hydro- 
dynamics of  the  generation  of  secondary  currents  generally, 
whether  electric,  or  galvanic,  or  magnetic. 

1.  It  is  assumed  in  that  explanation  that  in  the  neighbourhood 
of  the  earth's  surface  there  are  steady  setherial  currents,  which 
eventually  may  be  found  to  be  secondarv  with  respect  to  other 
more  general  currents,  but  for  considerable  spaces  may  be  con- 
sidered to  be  uniform  as  to  velocity  and  density.  These  carrents 
are  supposed  to  flow  freely  through  the  interior  of  bodies,  with 
only  such  modifications  as  may  result  from  the  arrangement  of 

*  Commmu€8ted  by  the  Author. 
Fm.  Mag.  S.  4.  Vol.  21,  No.  137.  Jan.  1861.  F 


Digitized  by  Google 


66  ChaS^im  a  Theory  rfM§gmtieFarc$. 

the  atoTTis,  and  the  contraction  of  the  channel  by  the  atomic 
occupation  of  space.  At  the  parts  of  the  boundary  of  any  sub- 
stance where  the  stream  enters,  there  will  be  a  sudden  increment 
of  velocity,  aud  at  the  parts  where  it  issues,  a  sudden  decrement ; 
but  not  to  a  large  auiouut,  because  there  is  reasou  to  conclude 
that  even  in  dense  bodies  the  space  occupied  by  atoms  is  very 
small  compared  to  the  vacant  space.  Under  aU  circumstances 
the  motion  remains  steady,  if  there  he  no  extraneous  force,  and 
no  variation  of  the  primary  current.  If,  throughout  the  interior 
of  the  bod^,  the  atoms  within  a  given  space  (as  one  thousandth 
of  a  cubic  inch)  occupy  a  portion  of  it  which  has  a  constant  ratio 
to  the  vacant  space,  they  produce  no  acceleration  or  retardation 
of  the  velocity  of  the  stream.  But  if  from  any  cause  there  should 
be  a  gradation  of  internal  density  of  the  atoms,  the  atomic  com- 
position remaining  the  same  throughout,  secondary  streams  will 
be  produced  in  the  following  manner : — Conceive  the  external 
primary  current  to  be  cut  at  right  angles  by  a  plane  in  a  given 
position.  Then  since  it  is  supposed  to  be  steady  and  uniform, 
the  velocity  will  be  always  the  same  at  all  points  of  the  plane. 
Hence,  tracing  two  contiguous  and  equal  iilaments  of  the  stream 
into  the  interior  of  the  body,  it  will  be  seen  that  if  the  density 
of  the  atoms  be  «;reater  at  certain  portions  of  the  course  of  one 
filament  than  at  tlic  adjacent  portions  of  the  course  of  the  other, 
the  velocity  will  be  greater  h\  any  elf nicnt  of  the /o/v?;^';'  j)ortions, 
than  in  the  adjacent  element  of  the  latter,  assuming,  as  may  be 
done,  that  in  other  respects  the  channels  of  the  two  Blanieuts 
are  at  .'idjaront  parts  ul  ( (jual  dune  nsions.  Hence  by  the  general 
hydrodyiiaiiiical  equation  for  ssteady  motion,  the  density  and 
pressure  uf  the  aether  will  be  leas  ni  the  furmw  elements  than  iu 
the  latter.  Consequently  there  will  ijc  an  accelerative  force  of 
the  fluid  always  tending  from  the  rom*  to  tlie  denser  parts  of 
the  body,  and  taking  effect,  whatever  be  the  direction  of  the 
original  stream,  in  the  directions  of  normals  to  surfaces  of  equal 
density,  because  in  these  directions  the  change  of  density  of  the 
atoms  in  a  given  space  is  greatest.  These  accelerative  forces 
produce  secondary  currents,  the  velocities  of  which  will  depend 
on  the  magnitudes  of  the  forces,  and  on  the  extent  through 
which  they  act  Considering  the  vast  elasticity  of  the  aether,  as 
shown  by  the  rate  of  the  propagation  of  light,  a  difference  of  its 
density  equal  to  a  ten-millionth  part  of  the  whole  density  would 
correspond  to  an  enormous  difference  of  pressure. 

2.  According  to  these  views  it  might  be  expected  that  a  lamina 
of  metal,  heated  unequally  at  the  two  extremities,  would  become 
electro-dynamic,  as  Volta  found  to  be  the  case  with  a  lamina  of 
silver,  in  this  instance  the  heat  produces  local  disturbances  of 
the  condition  of  wperficud  atoms,  and  from  these  disturbances 
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probivbly  the  internal  gradation  of  density  chierfy  results,  as  in 
a  body  subject  to  the  influence  of  electricity  by  induction.  If  a 
closed  circuit  of  any  lactal  be  heated  at  any  point,  currents, 
accordin^^  to  this  liicury,  will  be  generated  in  consequence  of  the 
iiili'ercut  degrees  of  expansion  of  the  metal  at  different  points, 
and,  flowing  in  opposite  directions,  will  neutralize  each  other  if 
they  be  equal.  But  if  by  any  mechanical  means  they  be  made 
unequal,  as  by  ooDtortiont  of  the  metallic  dreuit,  a  galvanio 
enrreot  should  resalti  as  is  found  to  be  the  fact  by  eiperimeot. 
When  the  circuit  is  formed  by  two  metals  soldered  togetber  at 
their  extremities,  and  beat  is  applied  at  one  of  the  positions  of 
junction,  inequality  of  the  opposite  currents  might  be  expected 
to  arise  from  difference  of  the  capacity  of  the  two  metals  for 
generating  currents,  owing  to  difference  of  their  atomic  oonstitu* 
tton  j  and  accordingly  it  is  found  that  under  these  circumstanoei 
a  galvanic  current  is  produced.  I  proceed  now  to  the  theory  of 
magnetism. 

8.  In  the  preceding  theories  the  generation  of  seeondary 

setherial  currents  has  been  ascribed  to  a  disturbance  of  tha 
atomic  condition  of  bodies  by  external  agency, — in  electricity,  by 
friction  ;  in  galvanism,  by  the  mutual  molecular  actions  of  dis- 
similar substances  in  contact;  and  in  thermo-electricity,  by 
heat.  In  the  theory  of  magnetism  it  must  be  assumed  that 
there  are  substanc  es  in  which  a  gradation  of  interior  ch  nsity 
exists  indcprndi  iiily  and  permanently, — that  iron,  for  instance, 
is  fountl  111  this  state  in  nature;  that  the  same  state  may  be 
induced  in  steel  by  mechanical  means,  with  difierent  deirrees  of 
permanence ;  and  that  it  may  be  momentarily  induced  in  soft 
iron.  Also  it  must  be  supposed  that  the  direction  of  the  grada- 
tion of  density  depriids  on  the  form  of  the  magnetized  body. 
These  suppositious  rest  immediaUly  on  iacts  of  experience,  the 
explanations  of  which,  since  they  relate  to  qualities  of  the  bodies, 
and  not  to  the  agency  by  which  magnetic  phenomena  are  pro- 
duced, are  not  now  under  consideration. 

4.  Let  us  take  the  case  of  a  bar  of  magnetised  steel  of  tbe 
form  of  a  long  rectangular  parallelopiped,  and  let  it  be  assumad 
that  there  exists  permanently  a  uniform  decrease  of  its  atomic 
density  from  the  end  A  to  the  end  B.  By  the  argument  in  art* 
1,  on  the  supposition  of  a  steady  and  uniform  primary  current, 
there  will  be  impressed  on  the  setlier  within  the  bar  a  uniform 
accclerative  force,  acting  throughout  its  length  from  B  towards  A* 
To  the  accclerative  force  in  that  half  of  the  bar  which  lies  towards 
B,  may  be  ascribed  the  effect  of  overcoming  the  inertia  of  the 
ether  in  motion  within  and  without  the  bar  on  the  side  of  B, 
and  to  the  accelerative  force  in  the  other  half,  the  effect  of  over- 
coming the  resistance  opposed  to  the  flow  of  the  cunrent  by  tlie 
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inertia  of  the  lether  on  tbe  side  of  A.  Thus  the  motion  will  be 
maintained  so  as  to  be  symmetrical  with  respect  to  a  neutral 
position  N,  mid-way  between  A  and  B,  the  partial  streams  con- 
verging towards  the  parts  about  13,  and  diverging  in  like  ninn?icr 
frnni  the  parts  about  A.  The  velocity  of  tlie  rether  will  be 
greatest,  and  its  density  least,  at  N,  and  the  velocity  will  de- 
crease, and  the  densitv  increase,  in  both  directions  from  this 
positiuu  by  tlie  same  srradations.  Hence  the  atoms,  assumed 
to  be  of  finite  dimensions,  will  be  urged  on  both  sides  towards 
N,  by  reason  of  the  excess  of  pressure  on  the  halves  of  their  sur- 
faces turned  from  N,  and  the  total  moving  forces  in  the  opposite 
directions  will  be  equal.  Consequently  the  theory  not  only 
accounts  fur  the  well  kiiuu  n  i'act,  that  the  magnetism  of  a  steel 
bar  is  equal  and  opposite  on  the  opposite  sides  of  a  middle  neutral 
line,  but  explains  also  why  terrestrial  magnetism,  being  supposed, 
for  reasons  that  will  be  hereafter  adduced,  to  act  as  the  primary 
current  of  tbe  theory,  produces  no  perceptible  motion  of 
translation  of  the  bar.  These  inferences  will  not  be  altered  when 
'  tbe  dynamic  effect  of  the  motion  in  tbe  secondary  streams  is  taken 
into  account^  as  will  be  shown  in  a  snbsequentpartof  the  theory. 

5.  It  also  follows,  conformably  with  eiperience,  that  if  a 
magnetised  bar  be  divided  into  two  or  more  parts  by  being  cut 
transversely,  each  part  becomes  a  magnet,  because  it  may  be 
assumed  that  the  gradation  of  density  from  end  to  end  is  the 
fame,  and  in  the  same  direction,  in  each,  as  when  it  formed  a 
part  of  the  whole  bar. 

6.  The  theory  of  the  action  between  two  magnets  requires  the 
investigation  of  the  mutual  influence  of  two  steady  streams, 
having  separate  origins  and  interfering  courses.  The  following 
laws,  which  may  be  admitted  on  hydrodynamical  principles,  will 
suffice  for  my  present  purpose.  The  resultant  of  two  interfering 
steady  streams  is  steady.  Where  two  streams  meet,  the  velocity 
is  in  geu(  ral  less,  and  eousequfntl y  the  density  greater,  than 
that  which  would  be  due  to  either  stream  flowinir  separately. 
When  two  streams  unite  in  the  same  course,  the  velocity  is 
greater,  and  the  density  less,  than  in  eitlier  of  the  comi)onent 
streams.  When  the  courses  ot  two  streams  cross  at  right  angles, 
the  gradations  of  density  in  the  directions  of  the  courses  arc  very 
nearly  the  sauic  as  in  the  separate  streams. 

7.  Conceive,  nou,  that  two  bar-magnets,  B  N  >\,  B'N'A',  arc 
brought  near  each  other,  with  their  axes  in  the  same  straight 
line ;  and,  for  distinctness,  let  the  axes  be  in  the  plane  of  tbe 
magnetic  meridian,  and  let  A,  A'  be  the  ends  from  which  the 
secondary  streams  always  issue.  The  two  currents  under  these 
etrcumstances  will  interfere  with  each  other,  so  that  tbe  sym- 
metrical distribution  of  density  with  reference  to  tbe  neutral 
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positions  N  and  N'  will  he.  dL'^ivoycd,  and  tlie  disturbance  will 
be  in  greater  degree  as  the  distance  between  the  magnets  is  lesa. 
Also  the  conspqucnees  of  the  disturbance  uill  be  different  accord- 
inir  to  the  different  directions  of  the  currents.  1  irst,  let  B  and 
A'  be  adjacent  ends.  Then  the  streams,  always  flowing  towardi 
A  and  A',  will  be  in  the  same  direction.  Hence,  by  hydrody- 
namicsj  the  density  and  pressure  of  the  fluid  are  diminished  by 
the  jttnetion  of  tht  stmnit^  in  greatest  degree  in  the  space  in-> 
tenrening  between  B  and  A',  and  in  NB  andN'A'  to  a  greater 
degree  than  in  N  A  and  N'F.  Thns  the  increment  of  denaity 
from  the  neutral  lines  towards  the  ends  b  less  rapid  in  the 
adjacent  halves^  than  in  the  remote  halves.  Hence  the  moving 
force  of  the  tether  urging  the  individual  atoms  towards  the 
neutral  lines  is  in  excess  in  the  remote  parts^  causing  the  mag- 
nets to  move  towards  each  other  as  if  they  were  aHraci0d,  The 
same  effSect  would  be  produced  if  the  adjacent  ends  were  B'  and  A, 
because  the  two  currents  would  still  be  in  the  same  direction* 

Next,  let  A  and  A'  be  adjacent.  In  this  case,  the  streams 
issue  from  the  magnets  in  contrary  direction  <  towards  the  space 
between  A  and  A',  and  by  their  meeting  the  lether  is  condensed 
in  such  a  manner  that  the  decrements  of  density  towards  the 
neuhnl  positions  arc  more  effective  in  the  nearer  halve*?  of  the 
magnets  than  in  the  more  remote.  The  majz;nets  couscquentiy 
move  from  each  other,  or  are  apparently  repellei!.  Lastly,  let  B 
and  B'  be  the  adjacent  ends.  The  streams  now  flowing  from 
B  towards  A  aud  from  B'  towards  A',  a  diminution  of  velocity 
and  consequent  increment  of  density,  result  from  their  contrary 
tendencies  between  B  and  B'.  The  increai>e  of  density  in  this 
case  may  be  conceived  to  be  produced  by  the  accelerations  of  the 
fcther  resolved  in  directions  perpendicular  to  the  couiuion  axis  of 
the  aiagnets,  the  resolved  parts,  m  both  streams  and  ou  both 
sides  of  the  axis,  cunspiriug  to  produce  motion  towards  that  line. 
Thus  by  the  same  reasoning  as  m  the  preceding  case^  the  magnets 
will  be  repelled^  Consequently  the  known  law,  that  Uke  poUi 
muiualhj  repel  and  unlike  poles  mutually  attract,  is  accounted  for 
on  the  principles  of  the  hydrodynamt(»l  theory. 

I  take  occasion  to  add  that  the  above  considerations  respect- 
ing the  mutual  influence  of  opposing  and  conspiring  magnetic 
streams,  equally  apply  to  the  streams  to  which  m  the  theory  of 
electricity  the  attractions  and  repulsions  of  electrified  bodies 
were  attributed,  and  may  be  regarded  as  supplementary  to  the 
explanations  given  in  arts.  18, 19,  and  20  of  the  communication 
to  the  Number  of  the  '  Philosophical  Magazine'  for  last  October. 

8.  In  a  similar  manner  the  mutual  action  between  magnets 
and  galvanic  currents  may  be  explained.  In  the  theory  of  gal- 
vanism, reasons  were  given  for  oonduding  that  the  movement  of 
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galvanic  currents  relative  to  an  electrode  is  composed  of  iinilorm 
motions  parallel  to  the  electi-ode,  and  of  uniform  circular  motions 
about  it8  axis.  (See  art.  10  of  the  communication  to  the  '  Phi- 
losophical Magazine'  for  December.)  The  theory  I  am  about  to 
give  of  the  mutual  actiou  between  mac^netsand  galvanic  currents, 
essentially  depends  on  the  existence  of  the  circular  motion  :  but 
it  is  remarkable  that  the  facts  to  be  explained  require  that  (he 
direction  of  this  motion  should  be  always  the  same ;  that  is,  if 
the  electrode  be  parallel  to  the  earth's  axis,  and  the  current  flow 
from  south  to  north,  the  circular  motioii  must  be  in  the  same 
direetton  as  that  of  the  earth's  rotation  abont  its  axis.  I  do  not 
at  present  profess  to  acoonnt  antecedently  either  for  the  circular 
motion,  or  for  its  having  a  determinate  direction;  bnt  I  can 
conceive  that  both  these  characteristics  of  the  theoretical  gal* 
vanic  cnrrents  may  be  referable  to  the  primary  currents^  whichj 
as  I  shaU  hereafter  attempt  to  show,  hate  their  origin  in  the 
earth's  rotation. 

9.  Assuming  galvanic  currents  to  be  such  as  are  described 
above,  suppose  a  straight  horizontal  electrode  to  be  placed  in 
the  plane  of  the  magnetic  meridian,  and  thecarrent  to  flow  from 
Bouth  to  north ;  and  let  a  horizontal  magnetic  needle  be  placed 
directly  underneath  the  electrode  at  a  small  distance  from  it. 
Since  the  needle  and  electrode  are  parallel,  if  the  galvanic  cur- 
rent were  wholly  longitudinal,  there  would  seem  to  be  no  cause 
of  fli"5tari>anrt>  f>f  the  needle,  because  the  circumstances  of  the 
aether  ^voul(l  ijc  ahivc  on  thp  opposite  ^ides  of  the  plane  of  thn 
magnetic  meridian,   l^nt  snjiposc  the  motion  of  the  aether  alouLC 
the  electrode  to  be  eecnmpaincd  by  a  circular  motion  about  its 
axi?'  in  the  direction  ironi  above  towards  the  right  hand  of  a 
person  looiving  northward;  and  calling  the  end  of  the  needle 
which  points  to  the  north  A  and  the  other  end  B,  let  A  desij^nate, 
as  heretofore,  that  end  from  which  the  magnetic  sdrams  issue  in 
curved  divergins:  courses;  also,  abstract  tVir  the  present  from 
the  longitudinal  motions  both  galvanic  and  magnetic.  Then 
the  circular  motion  produces  a  stream  which  crosses  the  magnet 
from  east  to  wesi.   This  stream  meets  the  parts  of  the  issuing 
magnetic  streams  resolved  in  the  horisontal  diniction,  on  the 
east  side  of  the  north  portion  of  the  needle,  and  Jhws  with  them 
on  the  west  side.   There  is  eonaequently  an  increase  of  density 
and  pressure  on  the  east  side,  and  a  diminution  of  density  and 
pressure  on  the  west  side,  and  the  needle  is  consequently  urged 
towards  the  west:  About  the  end  B  and  the  south  portion  of  the 
needle^  where  the  entering  streams  converge  in  curved  courses, 
the  parts  fesolved  boriaontally  conspire  with  the  circular  streams 
on  the  east  side,  and  oppose  them  on  the  west  side.  The  greater 
density  of  the  sther  is  therefore  on  the  west  sidft,  and  th6  south 
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end  of  the  needle  is  consequently  urged  'towards  the  east.  As 
the  actions  on  the  opposite  halves  of  the  needle  are  vqim]  and  in 
contrary  directions,  the  total  cflect  is  simply  a  niDlui/t  nj  ruialion^ 
and  the  north  end  of  the  needle  deviates  towards  the  west,  the 
direction  of  the  galvanic  current  being  from  south  to  north. 

If  the  direction  of  the  current  be  reversed,  the  circular  scream 
passes  across  the  magnet  from  weat  to  east,  and  consequentlv  by 
the  same  reasoniog  as  before,  the  tiorth  portion  of  the  needk  m 
urged  eattward,  and  the  wtUh  portion  westward.  It  is  clear  that 
the  dirocti<ms  of  the  deviations  of  a  needle  above  the  current  m 
the  opposite  to  those  of  a  needle  below,  the  direction  of  the 
effective  parts  of  the  circular  streams  being  opposite. 

This  directive  action  of  the  galvanic  current  vanishes  when  the 
axis  of  the  needle  is  transverse  to  the  direction  of  the  current. 
If  the  current  acts  simultaneously  with  the  earth's  magnetismj 
the  needle  must  take  a  position  intermediate  to  the  tnmsverae 
position  and  the  plane  of  the  magnetic  meridian* 

All  these  inferences  from  the  theory  are  in  accordance  with 
well  kno  wn  results  of  experiment. 

10.  The  curvilinear  paths  of  the  atherial  streams  in  the  above 
theory  of  the  magnet,  correspond  to  Faraday^s  /sues  of  magnatie 
fwree,  and  points  (tf  greater  or  less  vdocUy  correspond  to  points 
of  greater  or  less  magnetic  intensity, 

1 1 .  The  explanation  of  the  reciprocal  action  of  magnets  on 
galvanic  currents  on  the  same  principles  appears  to  be  as  follows. 
In  the  case  tirst  supposed,  the  magnet  being  under  and  parallel 
to  the  galvanie  cuTent,  let  the  electrode  he  moveable  about  a 
vertical  axis,  and  the  mnirnpt  be  hxcd.  Then  the  moving  force 
which  urge*?  innmu  r  win  fi  moveable,  reacts  upon  the  circular 
current,  and  disturbs  its  uiiUormity.  It  has  beeu  previously 
argued  that  the  circular  movement  is  necessary  for  maintaining 
the  galvanic  current,  h\  ])reventing  its  iiowiiig  towards  the  axis 
of  the  electrode.  Hence  under  this  disturbance  there  will  be  a 
tendency  of  the  lluid  to  rush  to  tlie  parts  towards  which  the  flow 
of  the  circular  stream  is  impedtd  by  the  partial  interruption,  tliat 
is,  to  the  west  side  of  the  north  portion  of  the  electrode.  This 
impetus,  being  unopposed,  will  cause  the  electrode  to  deviate 
towards  the  eoMt.  Like  considmtions  would  show  that  the 
mnUh  portion  of  the  electrode  is  made  to  deviate  towards  the 
west.  Thus  the  magnet  and  electrode  will  have  the  same  relative 
positions  as  when  the  former  wsa  moveable.  Similar  explanations 
may  be  given  in  the  other  cases.  In  general,  it  ma^  be  said  that, 
as  the  galvanic  current  always  tends  to  maintain  itself  by  a 
uniform  circular  motion  about  the  axis  of  the  electrode,  it  tends 
also  to  impress  on  the  electrode  a  movement  by  which  the 
uniformity  of  the  circular  motion,  when  intemipted,  may  be 
most  xeadily  leatored. 
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12.  The  directive  aeUoQ  of  ierretiml  moffnetim  on  gahanio 
comnts  tdmits  of  the  followiug  explanation.  Let  the  current 
flow  in  a  eiredar  electrode  moveahle  about  a  vertical  axis,  and 
let  the  electrode  be  so  placed  in  the  plane  of  the  magnetie 
meridian,  that  the  direction  of  the  current  at  the  lowest  part  maj 
be  from  north  to  ioiUh,  A  diameter  to  the  circle  beiug  drawn 
in  the  direction  of  the  terrestrial  current,  that  is,  from  mnUh 
towards  north  in  the  line  of  the  dipping  needle,  at  and  near  the 
mmth  extremity  of  the  diameter  this  current  will  be  confluent 
with  the  circular  movement  about  the  electrode  on  tbc  easi  side, 
and  opposed  to  it  on  the  we$i  aide.  Hence  on  the  latter  side 
there  will  be  an  excess  of  pressure  which  will  tend  to  move  the 
electrode  eastward.  At  the  other  end  of  the  diameter  the 
terrestrial  current  flows  with  the  circular  stream  on  the  west  side 
and  opposes  it  on  the  east  side,  and  consequently  tends  to  move 
the  electrode  westirnvfK  }\v\\vc  on  the  whole  the  electrode  will 
rotate  in  the  dirLc  tioti  winch  accords  with  observation,  till  it 
takes  a  position  perpendicular  to  the  plane  of  the  meridian. 

13.  The  direct i\  c  action  of  terrestrial  magnetism  on  the 
dipping  needle  is  explained  as  luilows.  When  tiic  needle  is  in  its 
normal  position,  the  extremity  A  directed  northward,  the  secon- 
dary streams  flow  longiLiidmally  m  the  same  direction  as  the 
primary  terrestrial  stream,  and  their  transverse  motions  arc 
perpendicular  to  the  latter.  There  is  consequently  no  tendency 
of  the  needle  to  more  from  this  position.  Now  let  the  axia  of 
the  magnet  be  indmed  to  ita  normal  position  in  any  given 
directions  The  secondary  atreams  will  not  he  altered  by  this 
change,  because,  as  before  explained,  the  accelerativc  forces  to 
which  they  owe  their  origin  are  independent  ^  the  direction  of 
the  primary  stream.  But  in  the  new  positbn  the  two  streams 
will  influence  each  other  so  as  to  give  rise  to  dynamic  action  on 
the  needle*  Conceive,  for  the  sake  of  distinctness,  the  end  A  of 
the  needle  to  deviate  about  30"^  from  the  normal  position  towards 
the  wut.  Then  resolving  both  the  primary  and  the  secondary 
Btreama  in  the  directions  perpendicular  and  parallel  to  the  needle, 
the  respective  perpendicular  streams  along  the  north  portion  of 
the  needle  (this  being  the  poition  from  which  the  secondary 
stream^?  bstic)  will  he  npp(>«5f'{l  to  each  other  on  the  trest  side  of 
the  iiecdic,  and  couspu'C  on  the  east  side.  Thus  the  needle  will 
be  urged  eastward.  On  the  suuth  porticm  of  the  needle,  at  whieh 
the  secondary  streams  are  confluent,  the  per[)endicular  com]io- 
nents  are  opposed  to  each  other  on  the  east  side  and  conspire  on 
the  v^est  side,  and  that  portion  is  consequently  urged  westward. 
As  the  tT\'o  ac  tions  are  equal  and  opj)osite,  the  needle  has  simply 
a  motion  of  ru/aiwn,  and  the  dii'ective  action  is  always /ou;ard!s  Me 
normal  pvsiiion. 

14.  It  follows  that  the  dii*ective  foi-ceof  the  earth *s  magnetism 
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i»  ft  measure  of  the  velocity  of  the  terrestrial  eomiit,  that  is  of 

the  total  intensity  of  the  magnetic  force.    According  to  the 

theory,  this  force  may  be  supposed  to  be  the  resultant  of  hori« 

zontal  and  vertienl  components,  and  the  ratio  oj  the  latter  to  the 

former  is  the  tangent  of  t/te  Inclination* 

C&mbridge  Obser?atory» 
December  22,  1860. 

[To  be  coutinuecl,] 

IX.  On  a  new  Resietanee  Thermometer, 

To  Frofemr  John  Tyndall,  F.H.S.,  ifc,  lioyal  Institution. 

3  Great  George  Street.  Westminster,  S.W. 
My  dear  Sir,  December,  186U. 

YOIT  will  probably  be  interested  to  hear  about  a  very  direct 
applieation  of  physical  science  to  a  purpose  of  considerable 
practical  iuiportance,  which  I  had  laU  ly  occasion  to  make.  Having 
charge, for  the  British  (Jovernnient,of  the  Ran§^oon  and  Singapore 
telegraph  cable,  in  so  far  as  lU  electrical  conditions  are  concerned, 
1  was  desirous  to  know  the  precise  temperature  of  tlu'  coil  of 
cable  on  board  ship  at  different  points  throughout  it^  mass, 
hftTingbeen  led  by  prerioot  obaemtions  to  apprehend  spontane-^ 
Ofu  genecatton  of  neat..  As  H  would  have  been  impoaaible  to 
introdaee  menmrjr  thennometers  into  the  interior  of  the  maw, 
I  thought  of  having  recoarae  to  an  mstiument  based  upon  the 
well-ascertained  fact  that  the  conductivity  of  a  copper  wire 
increases  in  a  simple  latio  inversely  with  its  temperature..  .The 
instrament  consists  of  a  rod  or  tube  of  metal  about  18  inches 
long,  upon  which  silk-covered  copper  wire  is  wound'  in  several 
layers  so  as  to  produce  a  total  resistance  of,  say  1000  (Siemens) 
nntts  at  the  freezing  temperature  of  water.  The  wire  is  covered 
for  protection  with  sheet  india-rubber,  inserted  into  a  tube  and 
hermetically  sealed.  The  two  ends  of  the  coil  of  wire  are  brought^ 
by  means  of  insulated  conducting  wires,  into  the  observatory, 
where  they  are  connected  to  measuring?  apparatus,  consisting  of 
a  battery,  g^alvanometer,  and  variable  resistance  coil.  The 
galvanomcti  r  employed  has  two  sets  of  coils,  traversed  in  oppo- 
site directions  by  the  current  of  the  battery.  One  circuit  if^ 
completed  by  the  insulated  thermometer  coil,  and  the  other  by  a 
variable  resistance  coil  of  German  silver  wire.  Instead  of  the 
differential  galvanometer,  a  regular  Wkeatstone^s  bridge  arrange- 
ment  may  be  cni|iloyed. 

You  will  readily  perceive  that  if  the  thermometer  coil  before 
described  were  placed  in  snow  and  water,  and  the  variable  re- 
sistance coil  were  stoj)pered  so  as  to  present  1000  units  of  resist- 
ance, the  currents  passing  through  both  coils  of  the  differential 
galvanometer  would  equd  one  another,  and  produce,  therefore, 
no  deflectioB  of  the  needle*   If|  however,  the  tempemtuie  of  the 
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water  should  risr,  say  1^  Fabr.,  its  resistance  would  undergo  an 
increase  of  lOOOx  0021  =2  1  units  of  resistance,  necessitating 
an  addition  of  2*1  units  to  the  variable  resistance  coil  in  order 
to  re-cstablis]i  the  equilibrium  of  the  needle. 

Tlie  ratio  ol  incrcusc  of  resistance  of  copper  wire  with  increase 
of  temperature  may  be  regarded  as  perfectly  constant  within  the 
ordinary  limits  of  temperature ;  and  being  able  to  appreciate  the 
tenth  part  of  a  unit  in  the  variable  resistance  coil  employed,  I 
hare  the  means  of  determining  with  great  accuracy  the  tem- 
perature of  the  locality  where  the  thermometer  resistance  coil 
IS  placed.  Snch  thermometer  resistance  coils  I  caused  to  be 
placed  between  the  layers  of  the  cable  at  regular  intervals,  cod- 
nectmg  all  of  them  with  the  same  meaaoring  apparatus  in  the 
cabin. 

After  the  cable  had  heen  abont  ten  days  on  hoard  (having  left 
a  wet  tank  on  the  contractors'  works],  very  marked  effeeta  of 
heat  resulted  from  the  indications  of  the  thermometer  coils 
inserted  into  the  interior  of  the  mass  of  the  cable,  although  the 
coils  nearer  the  top  and  bottom  surfaces  did  not  show  yet  any 
remarkable  excess  over  the  temperature  of  the  ship's  ho\d,  which 
was  at  60°  Fahr.  The  increase  of  heat  in  the  interior  progressed 
steadily  at  the  rate  of  about  3°  Fahr.  per  day,  and  havinj?  reached 
86'^"  Fahr.,  the  cable  would  have  been  inevitiibly  destroyed  in  the 
course  of  a  few  clny^,  if  the  generation  oi  heat  had  been  allowed 
to  continue'  uucheekril. 

Consulci  nii^:  the  comparatively  low  temperature  of  the  surface 
of  the  cable,  inneh  incredulity  was  expressed  by  lookers-on  re- 
speetinii:  the  trustworthiness  of  these  results;  but  all  doubts 
speedily  vanished  when  large  quantities  of  cold  water  of  42° 
temperatni  c  were  pumped  upon  the  cable^and  found  to  issue  7:i^ 
Fahr.  at  the  bottom. 

Resistance  thermometers  of  this  description  might,  I  think, 
be  used  with  advantage  in  a  variety  of  scientific  observations,^ 
for  instance,  to  determine  the  temperature  of  the  ground  at 
tarions  depths  throughout  the  year,  or  of  the  sea  at  vsrioua 
depths,  tkc,  ftc.  In  the  construction  of  this  instrumoit,  care 
has  to  be  taken  that  no  sensible  amount  of  heat  is  generated  by 
the  galvanic  currents  in  any  of  the  resistanees  employed. 

By  substituting  an  open  coil  of  platinum  wire  for  the  insulated 
copper  coil,  this  instrument  would  be  found  useful  also  as  a 

pyrometer. 

But,  finding  this  letter  already  exceeds  its  intended  limits,  I 
shall  not  enlarge  upon  these  applications,  which,  no  doubt,  are 
quite  obvious  to  yon. 

I  am,  dear  Sir, 

Yours  venr  truly, 

Wm  .  ftiiMiifs. 
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[Continued  from  vol.  xx.  p.  550.] 
March  22«  1860.^8ir  fieojamin  C.Brodie*  Bart.,  Pks.,  in  the  Chair* 

THE  following  communications  were  read : — 
*'0n  the  Insulating  Properties  of  Gatta  PercW    Bj  flee. 

ming  JpTikin,  T'>q. 

The  expenmeats  described  in  this  paper  were  undertaken  with  the 
Tiew  of  determining  the  resistance  opposed  by  the  gutta-percha 
coating  of  submarine  cables  at  various  temperatures  to  the  passage 
of  an  electric  enrrent* 

The  experimenta  were  made  at  the  worki  of  R.  8.  Newall  and  Co., 
Birkenhead.  The  rdative  resistance  of  the  gutta  percha  at  various 
temperatures  was  determined  by  measuring  the  loss  on  short  lengths 
immer!^fd  in  water.  The^e  experimpnts  nre  described  in  the  first 
part  ot'  tlie  })a})er.  The  absolute  resisicince  ot  gutta  percha  bn«?  been 
calculated  from  the  loss  on  long  submarine  cables.  These  experi- 
ments  and  calculations  are  described  in  the  second  purl  ui  the 
paper. 

Pajit  I. 

The  loss  of  electricity  was  measured  unon  ihree  different  coils, 
each  one  knot  in  length.  One  was  coverea  with  pure  sntta  percha } 
the  two  remainmg  coils  were  covered  with  gutta  perdba  and  Chat* 
terton*!  compound.   The  coils  were  kept  at  Tanoos  temperalorei 

by  beini^  covered  with  water  in  n  felfe^  tub  ;  and  the  water  was  main- 
tained at  a  constant  temperature  for  twelve  or  fourteen  hours  before 
each  experiment. 

The  loss  or  current  flowing  from  the  metal  conductor  to  earth 
through  the  gutta>percha  coating  was  measured  on  a  very  delicate 
stne-ndvanometer.  The  loss  from  the  connexions  when  the  cable 
was  disconnected,  was  measured  in  a  similar  manner.  The  electro- 
motive  force  of  the  battery  employed  was  on  each  occasion  measured 
in  the  manner  described  by  Pouillet.  Corrections  due  to  varying 
electromotive  force  and  loss  on  connexions  were  made  on  the  result 
of  each  ex|)cnmeut. 

A  remarkable  and  regular  decrease  in  the  loss  was  observed  for 
some  minutes  after  the  first  application  of  the  battery  to  the  cable ; 
n  phenomenon,  which  the  anthor  tlunks  mi^  be  dae  to  the  polarise* 
lion  of  the  molecoles  of  gutta  percha,  or  of  the  moistnre  contained 
in  the  pores  of  the  gutta  percha.  The  loss  was  therefore  measured 
from  ndnate  to  minute  for  five  minntes,  with  each  pole  of  the 
batter)-. 

Nineteen  tab!  containing  the  results,  with  the  reductions  and 
curves  representing  the  results*,  accompany  the  jiaper.  Tbo  following 
results  were  obtained  from  tiie  first  coil ;  this  waa  prepared  with 
Chatterton's  patent  compound.  With  «  negative  current  between 
the  limito  of  50^  and  8(r  Fahrenheit,  the  decrease  of  resistance  is 
iemibly  constant  il»  ttfoal  increments  of  temperature ;  and  the 
inmise  of  leaistaiide  dne  to  tontimied  electrification  ii  alio  nearly 
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eonsiant.   At  60^  the  reBistance  inereases  about  20  per  cent,  in  fi?e 

minutes  from  this  cause.  "With  a  positive  current,  similar  resultt 
appear  between  the  tcmpcrntiircs  of  r>0°  nnd  fIO° ;  but  the  resistance 
is  somewhat  greater  than  uiih  the  ncgaiive  current.  The  extra 
resiiitauce  due  to  continued  clcLtrification  is  nnchancred  by  .i  change 
in  the  sign  of  the  current.  Above  the  tcuiucraLurc  of  03°  great 
irregularities  occur  in  the  obserratifmaf  which  eould  not  even  be 
included  in  regular  curvee.  The  difference  in  the  reaistance  of  the 
gutta<percha  coating  when  the  copper  is  positiTeljr  and  negativelj 
electrified,  may  he  caused  by  the  contact  bietween  the  resinous  com- 
pound and  the  copper  :  no  such  dlfTei  cnce  was  obsenred  when  pure 
gutta  percha  was  in  contact  witli  the  copper. 

The  curves  resulting;  from  the  experiments  on  the  second  coil, 
which  was  covered  \vith  pure  gutta  percha,  present  an  entirely  dif- 
ferent character  from  those  resulting  from  the  first  coih  The  copper 
and  gutta  percha  were  of  the  same  size  in  these  two  coils.  The  re- 
sistance, of  pure  gutta  percha  at  low  temperatures  is  greater  than 
that  of  the  compound  coverbg.  At  65^  the  resistance  of  the  two 
coTcrings  is  equal;  at  higher  temperatures  the  resistance  of  pure 
gutta  percha  diminishes  extremely  rapidly.  The  curves  obtained 
with  positive  and  negative  currents  are  identical  up  to  about  7^r  ;  a 
slight  difference  occurs  above  this  temperature,  which  may  have  been 
accidental.  The  extra  resistance  is  less  with  pure  gutta  percha  than 
with  the  compound ;  it  increases  slightly  at  high  temperatures^  and 
is  not  affectea  by  a  change  in  the  sign  of  the  current. 

The  curres  derived  from  the  ex]ieriments  on  the  third  coil,  which 
contained  a  smaller  proportion  of  Chatterton's  compound  than  the 
first  coil,  appear  in  some  respects  intermediate  between  those  derived 
from  the  fir«t  and  second  coih.  The  extra  resii^tancc  due  to  con- 
tlntied  ( ]( i  tritication  was  still  jireater  in  this  coil  than  in  the  others. 
•10  jicr  eciit.  ol'  tlic  entire  resistance  is  at  70°  due  to  this  cause. 
This  increase  is  believed  to  be  due  to  the  greater  ma^s  of  gutta 
percha  used  in  ooTering  this  coil,  which  was  of  larger  dimensions 
than  the  two  others. 

Part  II. 

Professor  Thomson  has  supplied  an  ccpiation  expressing;  the  law 
which  connects  the  resistance  of  a  cylindrical  covering,  such  as  that 
of  a  cable,  with  the  resistance  of  the  unit  of  the  mttenal  forming  the 
covering. 

Let  S  be  the  sncdfie  resistance  of  the  material,  or  the  resistance 
of  a  bar  one  foot  long,  and  one  square  foot  in  section ;  let  6  be  the 

resistance  of  the  cylindrical  cover  of  a  length  of  cable  L  ;  let  ^  be 

the  ratio  of  the  external  to  the  iuteroai  diameter  of  the  covering ; 
then 

«  27rLG 

log^ 

The  resistance  G  was  calculated  from  cables  of  various  lengths, 
lying  in  IroQ  wells  at  the  works  of  R.  S.  Newall  and  Co..  Birkenhead. 
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Tlie  cables  were  not  wet  ;  but  direct  experiment  proved  that  cover- 
ing a  sound  iron-covered  cable  with  water  has  no  effect  on  the  loss. 
The  details  of  this  experiment  are  given  in  the  paper. 

The  resistance  G  was  obtained  in  the  following  manner.  The 
oopper  conductor  of  the  cable  to  be  tested  was  arranged  so  as  to  fbrm 
a  complete  metallie  are  with  a  batteiy  of  72  ceOs  and  a  tangent  gal- 
vanometer :  the  deflection  on  this  galvanometermu  read  and  entered 
as  the  continuity  test.  Deflections  were  then  read  on  the  same  gal« 
vanomctcr  with  the  battery  and  ?overnl  known  resistances  in  circuit, 
for  tlip  purpose  of  measuring  the  rt  >istAiu  c  and  electromotive  force 
of  the  battery,  in  the  manner  described  by  l^ouillet.  The  deflection 
caused  by  the  loss  was  next  read  on  a  second  tangent  gahanonieter : 
the  same  battery  was  used.  This  deflection  was  entered  as  the  insU' 
lation  test.  The  temperature  of  the  tank  containing  the  cable  was 
observed  hj  means  of  a  thermometer  inserted  in  a  metal  tube,  ex- 
tending from  the  circumference  into  the  mass  of  the  coil. 

The  relative  delicacy  of  the  salvanometers  was  ascertained  bv 
experiment,  or,  in  other  words,  the  copflRcient  was  found  by  which 
the  tangents  of  the  deflections  of  the  first  were  multiplied  to  render 
them  directly  comparable  with  the  tangents  .of  the  deflections  of  the 
second  galvanometer. 

The  resistances  of  the  galvanometer  oofls»  of  the  artifidal  resistance 
coilsy  and  of  the  copper  conductor  of  the  cable  were  measured  by 
Wheatstone's  differential  arrangement.  Special  experiments  were 
made  by  means  of  this  differential  arrangement  to  determine  the 
change  of  resistance  of  the  copper  conductor  in  the  cable,  produced 
by  a  change  of  temperature. 
'The  equation  (No.  2)  R=r(l +0-0Uiy2/)  gives  the  value  of  the 
resistance  11  of  the  copper  wire  at  any  temperature  t-\-n  in  function 
of  the  resistance  r  at  any  temperature  a  (Fahrenheit).  The  length 
and  temperature  of  any  coil  bein^  known,  the  resistance  of  the 
copper  wire  was  thus  at  once  obtained  from  the  resistance  of  one 
knot  at  60^,  which  was  rery  carefully  determined. 

Now  let  G= resistance  of  cvlindrical  coatiu'?. 

D= deflection  called  the  continuity  test. 
1^=: deflection  called  the  insulation  test. 
Cs=  coefficient  expressing  the  relative  delicacy  of  the  two 
galvanometers. 
BRss  resistance  of  the  battery. 
Tj= resistance  of  the  coil  of  first  galvanometer. 
T,= resistance  of  the  coil  of  second  galvanometer. 

(t  liaving  been  thus  obtained  in  any  desired  units,  S,  the  specific 
resistance  of  the  material,  can  be  at  once  obtained  by  equation  No.  1, 
which  appears  from  several  experiments  to  give  constant  values  for 
8  when  calculated  from  cables  of  different  dimensions.  In  extreme 
cases,  however,  the  influence  of  extra  resistance  would  render  the 
ibrmoU  defective*  especiaUy  after  continued  application  of  the  enr« 
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rent ;  tlnis  the  retutanee  of  a  fbot-cabe  woidd  be  fciy  dUieveiit  le 
that  of  an  iach  cube. 

The  values  of  6  for  the  ooTering  of  the  Bed  Sea  eabli^  after  con- 
tinued electrification  for  periods  of  one,  two,  three,  four,  and  five 

minutes,  were  calculated  in  Thomson's  Absolufp  Brit5>h  Units,  from 
four  sets  of  tests  made  specially  fur  this  pui  [:o>e  ou  lour  ditiereut 
cables,  eacli  about  jOO  knots  long.  Tables  containing  the  resulUi  of 
these  calcuUtiuud  accompany  the  paper. 

A  Table  is  nko  given  of  the  reeiatance  of  the  Bed  Sea  ooTering 
after  one  minute  s  etectrification,  and  after  five  minutes*  electrification^ 
at  each  degree  of  temperature,  from  to  75T8hrenheit.  This 
Table  was  formed  by  means  of  the  temperature  curves  described  in 
the  first  ])art  of  the  paper  :  this  Table  i:^  here  annexed  (No.  1). 

Similar  Tables  were  given  for  the  covcrujg  of  the  two  experimental 
coils  meutit)ned  in  the  first  part  of  the  paper.  The  coil  couipuscd 
of  pure  gutta  percha,  gave  very  regular  and  complete  results.  An 
abbreviation  of  tbe  Table  is  annexed. 

It  was  remarked  that  in  the  tests  of  the  cable  m  the  inm  tanki^ 
the  resistance  after  five  minutes'  electrification  w«s  invariably 
greater  with  zinc  than  with  copper  to  cable,  whilst  the  reverse  was 
tne  case  with  the  single  knot  covered  by  water.  The  length  ot  the 
cable,  and  the  conditiou  of  immersion  or  non-immersion,  have  pro- 
bably some  influence  on  the  pbcuomenon  ot  i  \ti  a-rcsistanre.  This 
phenomenon  nf^penrs  to  tlie  author  to  be  of  much  imporiaocej  and 
to  denmud  iurliier  luvtiiUgution. 

The  values  of  G  were  also  calculated  from  the  dailytosts  of  the 
cables  during  manufacture  at  many  temperatures.  These  values 
agreed  with  those  given  in  the  Tables  above  described.  The  general 
results  of  the  experiments  may  be  summed  up  as  follows. 

.  The  relative  loss  at  various  temperatures  through  pure  gutt^ 
perclia  has  been  pretty  accurately  determined  for  all  ordinary  tem- 
peratures. To  a  less  extent  the  same  knowledge  has  been  gaiued 
concernio'^  two  other  coatings  containing  Chatterlon's  compound. 
The  latter  appears  superior  at  high,  and  inferior  at  low  temperatures. 

Attention  has  been  drawn  to  the  ooasiderably  inenased  resistance 
which  follows  the  continued  electrification  of  gntta  percha  and  its 
compounds.  Some  of  the  laws  of  this  extra  resistance  have  been 
determined,  and  some  suggestions  made  as  to  the  cause  of  the 

phenomenon. 

Tbe  bounds  have  been  pointed  out  within  which  fornujla>  may 
be  used,  which  cun&ider  gutta  percha  as  a  conductor  oi  the  same 
nature  a^  metals. 

The  resistance  of  gutta  percha  has  been  obtained  in  units,  such  as 
are  employed  to  measure  the  resistance  of  metals ;  and  bj  the  use  of 
Professor  Thomson's  formula,  the  specific  renstance  of  a  unit  of  the 
material  has  been  fixed  with  some  accuracj. 

The  resistance  of  other  non-conductors,  sueh  as  glass  and  the 
resins,  may  probably,  by  comparison  with  gutta  percha»  be  obtained 
in  the  same  units. 

Incidentally,  the  increase  of  resistance  in  copper  witli  increased 
t€m|>erature  hua  beta  gi\  cu  Irum  new  ej^perimeuts  j  and  it  has  been 
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shown  that  the  insulation  of  a  mimd  wire-covered  cable  ia  Httk^  if  at 
all,  affected  by  submersion. 

Finally,  tallies  and  formul®  are  given  by  which  the  resistance  of, 
or  the  loss  through  any  new  cahle  coated  with  gatta  percha»  najr  be 
at  least  approximately  estimated 

Taull  I. 


8peei/ic  Jtuutmiee  in  TAoiiuim*s  UmU  of  the  Red  Sea  Cwering  «l 

various  Temperaturee. 


Zine  to  cable. 

Coulee  to  calile. 

Tr:n ;  ■r  ra- 

After  electrification 

After  electrification 

Afri  r  I'li^trification 

Af  i:r  rtntlcLitioD 

tur«. 

for  one  mioiua. 

for  five  minittct* 

fur  une  miaate. 

for  five  uiiuutea. 

21C?v  10" 

3330x10" 

2239  X 10" 

3405X10" 

C5 

181UX  „ 

294"  X  „ 

1  720  X  „ 

2770  X  „ 

70 

UiiOx  „ 

237BX  „ 

1318X  „ 

2239  X  „ 

75 

1160  X  H 

1753  X  „ 

lOOOX  n 

1739  X  „ 

Table  II. 

Sjpeq/h  RemtOHce  in  7%&meaiCe  Unite  of  pure  Ouiia  Pereka  ai 

various  Temperatures, 


tine  lo  fttble.  | 

Copper  to  eeble. 

Teroper*- 

After  clectriticatiop 

1 

After  electrificittion 

After  electrification 

After  electrification 

mra. 

foriveniioiitei.  j 

for  OM  ninote. 

for  five  minutea. 

50 

4113X10" 

5663x10" 

4113X10" 

5C63X10»» 

55 

2'*17X  „ 

3G3r,X  „ 

1    291 7 X  „ 

3630  X  „ 

60 

2ir.3X  „ 

2549 X  „  1 

2163X  „ 

2549  X  „ 

6ft 

1634  X  „ 

1858  X  „  1 

1634  X  „ 

1H58X  „ 

70 

1162  X  „ 

1291  X  „ 

1193  X  „ 

1291 X  „ 

75 

80  jx  „ 

877X  „ 

796  X  „ 

866  X  „ 

80 

566  X  „ 

613  X  » 

MSX  n 

591  X  „ 

*'0u  Scalar  and  ClinRTif  Algebraical  Cnonlinate  Geometry,  intro- 
ducing a  new  and  iTnue  irencral  Theory  oi'  Analytical  Geometry,  in- 
cludinfj  the  received  as  a  particular  case,  and  explaining  'imaginary 
poiuts,'  '  intersections,'  and  '  Lines.'  "    By  Alexander  J.  Ellis,  Esq., 


XI.  Intelligence  and  MieceUamam  Articles. 

turn  LITBIVH  tPSCTBUU. 

To  the  Editors  of  the  PldUsofMeeH  Magaske  and  Jcwrmd. 

Gentlemen, 

PERMIT  me  through  you  to  ask  MM.  Kirehboff  and  Bnnsen,  or 
other  experimentaJists  in  this  country  who  may  be  inpoueseion  of 
the  leqiiisite  appeiatafl»  whether  the  '*  my  weak  yellow  Una  lijS/' 

■ 
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described  by  them*  as  accompanying'  the  brilliant  red  line  Li  a,  re- 
quires any  extraordinary  precautions  to  render  it  visible.  Two 
■pecimens  ol  litfaiom  salts  which  I  have  ezamioed  in  a  very  perfect 
apparatus,  somewhat  similar  to  the  one  described  hy  themf,  have 
failed  to  gtve  the  slightest  evidence  of  its  presence*  although  I  have 
repeatedly  examined  them  with  that  object;  and  as  I  know  that 
other  experimentalists  in  this  country  have  been  equally  unsuccess- 
ful, it  is  possible  tliat  the  presence  of  this  line  in  the  spectrum  given  • 
by  MM.  KirchhofF  and  I^n^'^en's  specimens  of  lithia  may  really  be 
due  to  the  presence  of  another  element  hitherto  unknown.  The 
spectrum  of  the  new  alkali  metal  Caesium  (which  it  may  be  of  interest 
to  know  I  have  detected  in  some  highly  concentrated  mother-liqnors 
from  sea>water)  is  in  no  respect  similar  to  it.  It  will  he  a  sufficient 
proof  of  the  delicacy  of  my  apparatus,  to  say  that  it  is  constructed 
principally  of  qaartz«  and  that  it  easily  separates  the  double  line  D. 

I  remain.  Gentlemen, 

Your  obedient  Servant, 

William  C&ookes. 


A  CONSTANT  COPPIB^OABBON  BATTBRT.    BT  JULIUS  THOMSBK. 

In  the  ordinary  <rnlvnnic  q]»pfiratus,  zinc  usually  officiates  ]io?i- 
tive  element.  This  metai  is,  however,  readily  attacked  by  acid  if  it  is 
not  either  chemically  pure  or  well  amalgamated.  If  the  sulphuric 
add  is  not  greatly  diluted,  the  sine  cylinders  are  strongly  attacked 
by  continuous  use,  in  spite  of  the  amalgamation,  by  which  a  great  loss 
of  metal  is  caused ;  if,  on  the  other  hand,  the  acid  is  much  diluted*  it 
is  soon  saturated,  and  the  action  of  the  apparatus  is  enfeebled. 

In  my  invc  «tirations  I  ii?e  a  galvanic  apparatus  consisting  of  cop- 
per  in  dilute  sulphuric  acid  ( i  part  acid  and  4  i)arts  of  water)  as  positive 
element,  and,  as  a  negative  element,  carbon  in  the  mixture  of  bichro- 
mate of  potass,  sulphuric  acid,  and  water,  recommended  by  WolUer 
and  Buff.  (Buff  uses  100  parts  water,  12  of  bichromate,  and  25  of 
sulphuric  acid.)  The  dectromotive  force  of  this  combination  is  •j^ths 
of  that  of  a  Darnell's  battery. 

Its  advantages  are  as  follows : — ^The  copper  is  not  at  all  attacked 
by  the  acid  when  the  circuit  is  open  ;  the  resistance  of  the  sulphuric 
acid,  from  its  bein^  so  little  diluted,  1^=  w  minimum  :  the  sulphuric  acid 

so  strong  that  it  can  be  used  for  months  without  becominLC  ?!itu- 
rated.  As,  further,  the  mixture  of  chromate  of  potass  and  sulphuric 
acid  is  inodorous,  this  combination  is  very  convenient  for  working 
with  in  closed  spaces. 

This  combination  is  very  interesting  theoretically ;  for  as  copper 
cannot  decompose  dilute  sulphuric  acid,  the  copper-carbon  element 
is  an  example  of  a  powerful  apparatus  in  which  chemical  action  and 
the  disenp^ngement  of  electricity  are  quite  inseparable. — ^Poggendorlfs 
Ahmleni  October  5,  1860. 

*  Phil.  Mag.  S.  4.  vol.  xx.  p.  96.  August,  I860, 
t  Ibid.  p.  90. 
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latter,  has  iiireeeded  still  further  to  improve  them,  the  reaoH  of  protracted  ana- 
lytic  dioptric  eaknlakioBe,  ThefintoftheM»»New  QUARTER-INCH  OBJECT- 
6LA88»WMOBtMedBlB8oM  oT  tiwMieroeeopical  Society  in  March  im. 
u       •  .         ifriooi  N— Jioi^  or  Catalpgoea. 


See  J.  H.  D.'f  Paper  snd  oHIm  aMfllii«  of  tiM  toato  Fhotogio^ 
Society  (JoBiml,  June  15). 

Catnloguci  amj  bo  Imd  ob  iVpliMtfioB  at  No.  19  BteoMriivj  8IM0I,  QdM 
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XII.  XoU  respecting  Ampere's  Expcnuwut  on  the  Repulsion  of 
a  lied  Hi  near  Electrical  Current  an  lisdf.  By  James  D. 
Forbes,  D.C.L.,  V.PM.S.E.,  Principal  oj  i/ie  United  College, 
8i,  Andrewi,  late  Professor  of  Natural  PMUuophy  in  the  Um^ 
veniiy  of  Edinburgh** 

[With  a  Plate.] 

IN  a  eommunication  to  the  Royal  Society  of  Edinburgh^  on 
the  3rd  of  January,  1859, 1  related  acme  experimeiitt  on 
the  Tibrations  of  metallie  bodies  and  of  carbon,  prodoeed  by  tbe 
passage  of  electricity  through  themt*  I  learned  soon  afierj 
from  a  paper  by  Dr.  TyndallJi  that  these  vibrations  had  been 
already  described  by  Dr.  Page  of  tlic  United  States§«  The 
analogy  of  the  experiment  to  tliat  of  Mr.  Trevelyan,  on  the 
vibrations  of  metallic  bodies  by  heat,  led  me  to  suspect  that  the 
resistance  to  the  propagation  of  heat  in  the  first  case,  and  of 
electricity  in  the  second,  in  its  passage  from  the  one  to  the 
other  of  the  bodies  in  contact,  was  the  cause  of  a  sensible  me- 
chanical repulsion.  So  strongly  was  I  persuaded  of  thi'<,  that 
twenty-seven  years  ago,  when  making  my  cxpcriuitiits  on  the 
"Trevelyan"  bars,  I  attempted  to  set  theiu  iu  motion  by  elec- 
tricity, though  tlicn  ineffectually. 

1  am  aware  that  the  idea  of  the  idio-rcpulsive  quality  of  the 
heat-current  has  not  been  favourably  received,  and  that  the  high 
authority  of  Mr.  Faraday  is  sttil  given  for  an  explanstion  of  the 

*  Commnntcated  by  the  Author,  httTingbeen  read  to  the  Royal  Society 

of  Edinburgh,  January  /,  1861. 
t  Proceedinga  of  the  Rt^al  Society  of  Edioborgh,  vol.  iv.  p.  151 ;  and 

Phil.  Mag.  vol.  xvii.  p.  y.iH. 
X  Phil.  Mn-  vol.  xvii.  p.  .^n?^. 
4  Sillimaa's  Journal  (USiillj,  vol.  i\.  ]».  105. 

FhU.  Mag,  S.  4.  Vol.  21.  No.  i3b.  Feb,  1861.  O 
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pbcnoDicua  fouudcd  uii  the  familiar  laws  of  conductiou  and  ex- 
pausioD  alone.  Dr.  Tyndall  thinks  that  the  effects  of  electri- 
city are  also  to  be  aicribed  to  the  indirect  action  of  the  heat  which 
it  pfodncea^  in  the  way  of  ezpanaion.  I  have  never  been  aatiafied 
with  either  of  these  ezolanations.  The  conviction  to  which  I 
still  hold  is  that  the  alleged  expansion  and  contraction  cannot 
sensibly  operate  in  the  almost  intinitcly  sh(jrt  periods  of  succes- 
sive contact  and  separation,  and  that  the  effect  must  be  due  to 
a  molecular  impulse  of  a  far  more  sudden  and  instantaneous 
character*.  We  seem  to  be  sufficiently  conversant  with  such  im- 
pulses in  galvanic,  and  especially  in  secondary  induced  currmtHi. 

Tins  inquiry,  liowcvcr,  into  the  efi'ects  of  an  electrical  current 
upon  itself,  and  upon  the  diiicrcnt  portions  of  one  and  the  same 
conductor  convryinc  it,  is  one  of  extraordinary  difticulty.  We 
cannot  fail  to  he  ti  uck  by  the  besitatiou  witli  which  that  great 
Master  of  tliis  branch  of  science,  Mr.  Faraday,  expresses  himself 
in  diflferent  parts  of  his  writings  respecting  them  f. 

There  is  one  experiment^  quoted  in  modem  treatises  on  elee- 
tricity,  whidi  mif^t  seem  to  throw  light  on  the  subject ;  and  that 
is  AmpWs  experiment  on  the  repulsion  of  one  portion  of  an 
electrical  current  upon  another  portion  which  ia  a  continuation 
of  it  in  the  same  right  line.  This  repulsion  appeared  to  he  the 
necessary  complement  of  Amp^'s  theory  of  the  mutual  action 
of  currents  placed  in  different  positions  relatively  to  one  another. 
He  oonsideKd  it  to  bi;  sufficiently  dcnionstratcd  by  the  following 
experiment : — A  and  B  (Plate  II.  fig.  5)  are  two  little  troughs 
filled  with  mercury,  or  rather  a  single  trough  divided  lengthwise 
into  two  by  the  glass  |)artition  C  D.  Two  straight  piecr><  of 
copper  wire  a,  b,  united  by  the  bridpre  c,  tloat  on  thr  Tiirrcury, 
which,  however,  they  are  every\vhei"e  prevented  from  tuiu  hmg 
metallically  by  means  of  a  coating  of  sealing-wax,  except  at  the 
extreme  ends  nearest  to  A  and  B,  where  they  are  amalgamated, 
and  of  course  touch  the  mercury.  The  two  poles  of  a  powerful 
battery  being  inserted  in  the  mercury  troughs  near  the  letters 
A,  B,  the  circuit  is  evidently  completed  through  the  wire  neb. 
It  is  stated  that  when  this  is  done,  the  floating  wire  is  repelled 
from  the  vicinity  of  the  terminal  wires  of  the  battery.  This 
repulsion  is  ascnbed  to  the  reaction  of  a  rectilinear  current  from 
A  to  a  through  the  mercury,  upon  the  continuation  of  the  cur- 
rent in  the  copper  conductor  a,  and  to  a  similar  action  on  the 
side 

*  That  the  electrical  vibrntioiis  go  on  durinpf  the  copious  uffusiou  of  the 
apparatust  with  cold  water,  uud  that  they  take  place  with  rviuarknble  encr^ 
in  so  alnott  inexpansible  subttsnce  like  etrbon  (see  my  paper  cited  sbove), 
are  direct  arguments  in  favour  of  this  eonchuioD. 

t  See  psiScularly  the  jNinth  and  Thirteenth  Series  of  hit  'BeiesrdMi.' 
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This  lemarkable  experiment  has  been  ciieamBUmtially  de* 
■cribed  in  more  places  than  one  b^  Ampere  bimaelf*!*;  but  the 
description  is  in  all  essentially  alike,  and  the  accoiints,  being 

nearly  eontemporancous,  may  be  assumed  to  i  t  fc  r  to  one  and 
the  same  trial,  which  was  made,  it  appears,  at  Geneva,  and  in 
the  presence  of  M,  Angnste  J)e  U  Ri?e.  This  last  is  a  circum- 
stance of  some  importance ;  for  it  would  perhaps  be  difficult  to 
establish  that  it  has  c>  cr  bcon  successfully  repeated  since.  Tlie 
authors  whom  I  have  consult c^d  usually  content  themselves  with 
the  barest  citation  of  Am])erc''s  authority.  The,  only  cxceptiou 
which  I  know  of  is  in  Miillcr^s  Lehrhuch  der  Pluj^ik  (vol.  ii. 
p.  318),  where  the  writer  notes  the  difficulty  he  found  in  repeat- 
ing the  experiment :  Ferner  muss  noch  angefuhrt  wcrden  class 
dieser  Versuch  keiueswegs  zu  den  leicht  gelmgeudcu  gcrechuet 
werden  kann/'  From  which  I  infer  that  the  writer  had  not  sue* 
eeeded  in  repeating  it.  He  also  raises  doubts  (which  seem  to  be 
leaionable)  as  to  whether,  supposing  it  soeeessftil^the  oondusion 
of  Ampte  conld  with  certainty  be  legitimately  cbnwn  from  it. 

It  appeared  to  me  to  be  a  matter  of  some  interest  in  eonncixioa 
with  tne  experiment  of  ( lectrical  vibration,  to  repeat  the  obser^ 
vation  of  Ampere.  I  had  an  apparatus  made  for  the  pnrpoee, 
but  circumstances  have  httiierto  prevented  me  from  using  it; 
and  I  have  requested  my  successor  in  the  Chair  of  Natural 
Philosophy,  Professor  Tait,  to  nuikc  trial  of  it  when  he  happens 
to  have  ;i  iiowcrfnl  vnltnir  batterv  in  action.  I  did,  however, 
attempt  the  t  \  penmcnt  in  a  (hti'creiit  form,  and,  as  it  appears  to 
mc,  HI  one  both  more  sensitive  in  its  indicatiouS|  and  less  amibi- 
guous  in  its  interpretation  f. 

I  fitted  up  a  Coulomb's  toi  sion  apparatus  (one  that  had  been 
nsed  for  experiments  on  diauiagnetisin)  in  the  following  way.  It 
is  represented  in  outline  in  fig.  G.  A  moderately  fine  platinum 
wire  A,  about  18  inches  long,  was  used  to  suspend  a  wooden 
torsion-rod  B  near  one  end  of  whicb  (laid  on  a  piece  of  paste* 
board  fastened  to  the  rod)  was  poised  a  eopper  wire  bent  m  the 
form  of  a  horseshoe,  as  shown  in  the  figure  at  a  6 Two  strong 
»  copper  wires  N,  the  terminals  of  a  Grove's  battery  of  four 
moderate-sized  pairs  in  good  action,  were  brought  into  the 
position  indicated  in  the  figure,  so  as  to  be  exactly  opposite  to, 
and  in  continuation  of,  the  limbs  of  the  horseshoe.  The  termi- 
nals P,  N  wm  kept  firmly  in  their  plaocj  and  the  eitremities  a,  b, 

*  Recueil  d* Ohservotumt  Eleetrihdyntmiques,  8vo,  pp.  285,  318.  AUo 
Bihiinfhf'que  Universelle,  vol.  xxi.  p.  47  ;  and  Ampere's  Th^rie,  p.  iii^ 
(this  last  citedbv  Dr.  Roget  iu  hia  '  £lectro-Magnctisni/  art.  187)> 

t  The  folhrniDg  expenmentt  weie  made  m  Sieoember  186B  and  Jauosiy 
1859. 

X  The  (Tistaiif^o  f>  b  mii'-lit  hr  Iinlf  nii  iiifli,  :iru\  the  distftnCC  firOIU  thO 

suspeiuioii  wiyre  was  rtlaUvely  greater  thau  the  tigur«  mdicates. 
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of  tlie  liorscshoe  were  adjusted  by  moving  it  on  the  pasteboard 
sbelt^  until  simultaticous  contact  of  the  two  limbs  with  the  tixed 
wires  was  obtained  on  moving  the  graduated  head  of  the  torsioQ 
wire  A  iioiu  light  to  left.  The  completion  of  tlie  Cttirent  was 
effected  without  much  difficulty  by  gently  preBfling  the  rough 
extiemities  of  the  vim  into  contact  by  the  help  of  the  toniim 
head. 

I  fonnd  it  oonvenieiit  to  increase  the  tension  of  the  ennent 
by  introducing  into  the  circuit  an  ordinary  electcodynamic  coil 
of  stout  wire,  with  or  without  a  core  of  iron  wires. 
.  So  far  from  finding  anything  like  repMon  of  the  moveable 

horseshoe  on  the  continuation  of  the  circuit,  T  soon  observed 
that  attraeiion  took  place,  resisting  the  force  of  twist  of  the 
platinum  wire  exerted  through  a  considerable  nvc,  w  hen  it  tended 
to  produce  separation.  This  attraction  continued  to  subsist  even 
after  the  current  was  withdrawn. 

With  a  horseshoe  composed  of  two  straight  limbs,  a  and  b,  of 
biRmnth,  the  connexion  c  being  of  copper,  a  still  more  decided 
attraction  was  the  result ;  and  it  continued  to  subsist  after  with- 
drawing the  current  of  electricity,  even  if  only  one  of  the  poles 
touched  the  horseshoe. 

When  the  terminals  F,  M  were  somewhat  flatly  rounded  (as 
in  fig.  6  a),  and  tiie  extremitiea  of  the  horseshoe  also  carefully 
rounded  and  polished,  I  was  unable  to  obtain  electrical  contact 
by  the  pressure  due  to  mere  torsion.  The  current  did  not  pass 
until  the  extremities  were  touched  with  nitrate  of  mercury  and 
wiped  dry,  when  it  passed  readily ;  and  a  marked  adhesion  took 
place  while  the  current  lasted,  and  for  some  time  after  it  stopped. 
While  the  electricity  passed,  a  fizzing  noise  was  audible  from  the 
cgctiemities  of  the  wires.  This  miij/U  possibly  be  due  to  an  in- 
sensible vibration.  It  tlius  appears  that  the  irregularities  of 
surface  of  the  wires  at  the  points  of  contact  in  the  first  form  of 
the  expermieut  was  favourable  to  tlic  electrical  propagation^  as 
it  is  in  the  case  of  ordinary  frictional  electricity. 

A  cm-rent  from  a  very  powerful  Kitchie*s  induction  coil,  ex- 
cited by  four  pairs  of  Grove's,  was  next  passed  through  the  ap- 
paratus last  described.  Distinct  adhesion  took  place  of  the  ends 
m  contact,  opposing  a  force  amounting  to  00^  or  more  of  tor- 
sion. It  continued  while  the  current  passed^  and  for  some  time 
after.   By  and  by  they  separated  .through  the  effect  of  torsion. 

This  experiment  was  very  instructive.  If  it  commenced  when 
the  terminations  were  a  little  apart^  the  high*tension  dectricity 
passed  readily  in  the  form  of  sparks  from  P  and  N  to  the  horse- 
shoe— ^the  horseshoe  steadily  approaching — the  sparks  getting 
shorter  and  finally  vanishing  at  both  contacts,  the  attraction 
continuing  and  facilitating  electrical  contact.  Apparently  the 
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very  saTiie  process,  of  ])olarity  preceding  conduction,  obtains  in 
the  ordinary  galvanic  current. 

The  form  ot'  tlie  terminals  P,  N  was  again  altered  to  a  ham- 
mer-shape, as  in  fig.  6  6;  and  now  electrical  contact  with  the 
copper  horseshoe  was  even  more  difficult  to  obtain  than  before. 
Though  for  intensity  eight  pairs  of  Grove's  battciy  and  a  coil 
were  used,  the  canent  did  not  pass  without  amalgamation,  and 
also  decided  pressure  being  used ;  then  the  adhesion  became 
strong,  amounting  to  140^  of  toisbn  of  the  suspending  wire. 

A  similar  result  was  obtained  when  the  current  was  passed 
from  one  of  the  hammer-shaped  poles  A  (fig.  7)  throuf^  a 
straight  wire  B,  laid  on  the  torsion-rod  and  terminating  in  a 
small  trough  of  mercury  C,  connected  with  the  opposite  pole  of 
the  battery.  The  adhesion  and  other  phenomena  were  in  all 
respects  the  same  as  before. 

I  think  it  will  not  be  doubted  that  these  experiments  are  far  - 
more  delicate  tests  tlmn  Ampere's  floating  wire,  of  the  mutual 
action  of  two  portions  of  one  and  the  same  current,  and  also 
that  the  first  form  is  free  from  tlie  ambiguity  which  the  intro- 
duction of  a  llmd  conductor  occuiiuns.  At  the  same  time  the 
result,  with  reference  to  Ampere's  theory,  would  be  more  satis- 
factory if  the  two  rectilinear  currents  whose  mutual  action  is 
cxamuicd  were  independent  of  one  anoLher,  anJ  nuL  parts  of  one 
and  the  same  current ;  for  the  break  in  the  conductor,  necessary 
to  the  mobility  of  the  parts,  introduces  a  peculiarity  due  rather 
to  the  force  required  to  propagate  the  current  at  all,  than  to  the 
reciprocal  action  of  two  currents  propagated  independently. 

It  is  needless  to  add  that  the  result  of  these  experiments  is 
not  favourable  to  the  cause  which  I  have  assigned  to  the  elee« 
trical  vibrations;  but  I  have  not  the  less  thought  it  desirable  to 
record  the  result,  though  it  leaves  that  experiment,  in  my  opinion, 
more  in  need  of  explanation  than  ever. 

•  I  have  not  overlooked  the  ])robability  of  the  maintaining  power 
of  electricity  in  the  rocking-bar  being  due  to  instantaneous  in- 
duction currents  ( Ivu  ;iday's)  excited  at  the  two  points  of  con- 
tact of  the  h;u  a.ul  block  round  which  the  rocking  takes  place; 
but  some  cxp  i  nut  nts  made  on  this  supposition  led  to  no  result. 

I  would,  belore  concluding  this  paper,  direct  the  attention  of 
electricians  to  another  of  those  isolated  (  \])Liunciits  conuected 
with  this  subject  which  rcqunc  coutirmati-ju :  1  meau  the  pro- 
duction of  Davy's  cones,"  said  to  occur  when  two  terminals  of  a 
very  powerful  battery,  coated  with  sealing-wax  and  naked  onlv  at 
the  ends,  are  introduced,  parallel  and  vertically,  through  the  oot« 
•  tom  of  a  cup  filled  with  mercury,  and  reach  to  within  a  uttle  space 
of  the  surface  of  that  fluid*  On  two  occasions— once  with  500 
or  600  pairs  of  the  Boyal  Institution  battery,  and  again  with 
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Mr.  Pepys's  gigantic  smgle  galiruuc  pair  at  tlie  London  Institu- 
tion—cones  of  mercury  rose  over  the  general  level  of  the  fluid 
and  above  the  polar  wires*.  Even  Mr.  Faraday  has  failed  in  re* 
peating  the  experiment,  which  is  remarkable  since,  though,  he 
onlj  lued  100  pairs,  the  electromotive  power  of  modem  batteries 
vastly  exceeds  that  of  those  used  in  Davy's  time,  and  the  suc- 
cess with  Pcpys's  apparatus  shows  that  intensity  is  not  indisjjcn- 
gablef.  "Mr.  Faraday  thinks  that  Davy's  conps  nnd  Ampere's 
repulsion  c\})criracnt  arc  due  to  one  and  the  same  cause.  But 
I  incline  to  believe  that  Davy^s  cones  intimate  an  attraction,  and 
not  repulsion,  and  so  far  concur  with  the  results  of  my  experi- 
ments with  the  torsii)ii-l);ilancc. 

I  have  had  1)  t\\ y  £>  apparatus  constructed  and  placed  in  the 
Katurul  rhilosophy  Class  CollccLioii  lu  Ediubiaglij  \s  licrc  i  iiope 
that  it  may  one  day  be  tested  with  an  adequate  power. 

Pitlochry,  N.  B., 
July  11,1860. 

Posfm'ipt. — Soon  after  writing  the  prccof'?in£rnotico,Ircquc8tcd 
Professor  A.  Dc  la  Kive  to  give  mc  any  coutirmatiou  which  his 
memory  could  supply,  of  the  success  of  Ampere's  r\p(  rinient; 
and  this  he  has  kindly  done  with  all  the  preoislon  uliich  might 
be  expected  from  him.  He  adds  that  the  motion  could  not  be 
due  to  the  action  of  the  earth's  magnetism,  as  it  was  independent 
of  the  direction  of  the  current. 

United  College,  St.  Andrews, 
November  2fi,  18fi(). 

22  Jamary  1861. — 1  have  just  learned  from  Professor  Tait 
tbat  he  has  succeeded  in  repeating  Ampte's  experiment. 


XIII.  On  tki  existence  of  a  Fourth  Member  of  the  Cakkim 
of  Metab.   By  P.  W.  and  A.  Dupr£ 

DURING  our  recent  cxaminiition  of  London  waters  by  the 
beauuiul  method  of  Kirchhoif  and  Bunsen,  we  several  times 
noticed  a  faint  blue  line  not  due  to  strontium  or  potassium,  or  to 
tlie  lately  discovered  csesium.  Having  since  worked  with  larger 
quantities  of  the  deep  well-water  YthMt  had  ^ven  this  hne  most 
distinctly,  we  believe  we  are  now  justified  in  stating  that  the 
groun  of  caldum^  strontium,  and  barium,  like  that  of  the  aUcali* 
metals,  eon[tains  a  fourth  member.   This  new  metal  gives  but 

*  Sir  H.  Davy  in  Philosophical  Transnction?  Car  1823.  Compare  Mr. 
faradav's  'Researches  in  Electricity,*  Ninth  aud  Thirteenth  scrics.arts.l  1  Vi 
and  \m).^ 

t  ^Ir.  Fnraday's  '  Researches,*  ns  above  cited* 

^  Commimigsted  by  the  Author*. 
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one  blue  line*,  situated  between  the  lines  Sr  fif  and  K  A  ftboat 
twice  as  far  from  tbe  former  as  from  the  latter.   In  brightness 

and  sharpness  of  definition  it  is  quite  equal  to  tbe  line  %th* 
The  method  which,  after  repeated  trials,  we  found  most  advan- 
tageons  for  obtaining  it  in  a  state  of  comparstive  purity  is  the 
following.  The  deposit  formed  by  boiling  the  water  was  dissolved 
in  hydrochloric  acid,  and  a  small  quantity  of  sulphurie  acid  added 
to  tlip  flear  solution.  The  precipitate  formed,  consisting  prin- 
cipally of  sulphate  of  calrifiin,  but  containing  some  sulphate  of 
barium,  sulphate  of  strontium,  and  sulphate  of  the  metal  under 
consideration,  colh  cted,  washed,  dried  and  fused  with  car« 
bonate  of  sodium.  Tiic  fused  mass  was  then  boiled  with  water, 
and  the  insoluble  carbonates  of  the  above-named  metals  collected 
and  treated  several  times  successively  in  tlic  same  manner  as  the 
original  deposit.  By  these  means  tbi  lime  was  gradually  re- 
moved, the  carbonates  becoming  proportioiutUy  lichcr  in  barium, 
&c.  Owing  to  the  small  quantity  of  substance  at  our  commandi 
we  did  not  attempt  toiemoYe  the  lime  entirely.  The  carbonates 
finsUy  obtained  were  once  more  dissolved  in  hydroehlorie  add, 
and  the  solution,  afiter  considerable  dilution,  mixed  with  a  few 
drops  of  sulphurie  aeid.  After  standing  at  rest  for  twenty-four 
hoars,  the  slight  quantity  of  deposit  formed,  consisting  of  almost 
pure  sulphate  of  barium  |,  was  filtered  off,  and  some  alcohol  added 
to  the  iiltrite,  by  which  a  further  deposit  was  obtained,  com- 
posed chiefly  of  the  sulphates  of  strontium  and  the  new  metal, 
though  not  quite  free  from  sulphate  of  enleium.  These  sulphntes 
were  again  converted  into  carbonntr^,  ^vllicll  wrrf  then  dissolved 
in  hydrochloric  acid,  and  the  solution  evaporated  to  dryness. 
When  a  portion  of  this  dry  residue  was  brought  into  the  tlame 
of  the  apj>aratvis,  the  spectra  of  calcium  and  strontium  apj)r;ired; 
and,  in  udilition,  beyond  the  line  Sr  8,  in  the  positiuii  indicated 
above,  u  blue  line,  rivalling  the  struutium-iiue  m  brilliancy  and 
distinctness  of  outline. 

As  £ur  as  we  have  been  at  present  able  to  ascertain,  the  car* 
bonate,  oxalate,  and  snlphate  of  the  new  metal  are  insoluble  in 
water,  the  last-named  possessing  about  the  same  insolubility  as 
sulphate  of  strontium.  The  chloride  of  the  metsl  does  not  seem 
to  DC  hygroscopic,  resembling  in  this  respect  that  of  barium 
rather  than  those  of  strontium  and  calcium* 

*  Haviug  been  onaUe  to  septnte  it  completaly  from  edauai  sad  slnif 
limn>  we  are  not  quite  posttive  whether  or  not  it  givsi  say  lines  at  the  vsd 

end  of  the  spcctnjm. 

t  In  uui-  \mi  commuuieation  there  is  a  typographical  error,  Sry  being 

put  fur  Sr  d. 

t  We  htve  detected  the  presence  of  bsrium  in  several  London  waters 
since  the  publication  of  OUT  notice  in  the  November  Namher  of  the  Phi* 
lotophical  Magaane* 
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We  hope  soon  to  be  in  possesnon  of  &  Bufficient  quantity  of 
flome  salt  of  tliis  metal  to  give  a  fuller  account  of  its  pro- 
perties. 

In  reference  to  the  letter  of  Mr.  Crookea  in  the  last  Number 
of  this  Magatin^^  stating  his  inability  to  recogniie  the  yellow 
line  Li  A  may  say  that  all  the  different  specimens  of  lithium- 
salts  we  have  experimented  with  have  shown  this  line  distinotly, 
Since  the  publication  of  his  letter,  we  have  examined  some  very 
pure  speciracns  of  lithium-salts,  all  of  which  gave  the  yellow 
line  Li  ;9with  equal  distinctness,  thoiisrli  sliowinn:  no  other  lines 
cxcnjit  Li  «  iukI  f3.  Tlie  red  line  iiuiv  ccriaiuly  be  recognized 
with  quantities  of  liiliiuin-salt  much  smaller  than  arc  required 
to  exhibit  the  yellow  line. 

The  apparatus  wc  use  is  one  similar  to  that  described  in 
Kirchhoff  and  Bunsen's  paper,  and  we  find  no  ])articular  pre- 
cautions necessary  to  exhibit  the  line  in  question,  beyond  using  a 
comparatively  large  quantity  of  lithium-salt,  say  to  ^  of  a 
grsin,  and  a  thin  platinum  wire  .of  about  4-  miUim.  diameter. 

We  may  here  mention  incidratally,  that  we  have  found  it 
advisable  to  discontinue  the  use  of  a  brass  Bunsen's  burner,  to 
prevent  the  occasional  appearance  of  a  series  of  green  and  blue 
lines,  due  to  copper.  A  Bunsen^s  burner  made  of  steatite  is 
quite  free  from  any  such  defect.  The  flame  of  the  burner  should 
also  be  regulated  in  such  a  manner  as  to  have  the  part  pkced 
opposite  the  slit  free  from  any  marked  blue  tint,  as  otherwise  a 
■  number  of  lines,  one  green  and  three  blue  being  the  most  con- 
spicuous, make  their  appearance.  The  blue  or  lower  part  of 
the  flame  of  a  candle  or  of  an  oil-lamp  shows  precisely  the 
same  lines. 


XIV.  On  the  Inmlation  of  Antozone.     In  a  Letter  to  TroiciiJior 
F.VUADAY.     By  Prolcbsor  ScUdCNJlKlN*. 

I HAVE  been  working  vei-y  hard  the  se  many  nioiulis  to  obtain 
tlie  "antozone/^or  0,in  its  insulated  state,  and  1  Hatter  myself 
that  I  have  succeeded,  at  least  to  a  certain  extent,  lou  arc  aware 
that,  from  a  number  of  facts,  notably  from  the  reciprocal  deoxi- 
dising influence  exerted  by  many  oxy-compounds  upon  each 
other,  I  drew  the  inference  that  there  existed  two  series  of  oxides, 
one  of  which  contains  9,  the  other  0, — the  osonides  and  ant- 
oionides.  The  mutual  deoxidation  of  those  compounds  I  made 
dependent  upon  the  depolarisation  or  neutralization  of  O  and  9 
into  0.  Now  0  and  0  being  capable  of  being  transformed  into 
0,  I  thought  it  possible,  even  probable,  that  the  contrary  might 
be  effected^  t.  e.  the  eheniical  polarization  of  O  into  9  and  9; 
and  you  l^now  tbat  in  the  cont-st-  of  the  lar  t  and  present  year  I 
•  Commuiiicated  by  Praf«uor  Fvaday. 
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liavc  Rsccrtaincfl  a  great  number  of  facts  that  speak,  as  far  ns  T 
can  see  J  highly  in  favour  of  that  idea.  As  the  typical  or  fuiula- 
nieuLil  fact  of  this  chemical  polarization  of  0,  I  consider  the 
simultaneous  pioductiun  of  (-)  and  HO  +  0  which  takes  place 
during  the  slow  combustiun  of  phosphorus.  This  siiuultaueity  is 
snch^  that  ozone  never  makes  its  appearance  without  its  equivalent 
HO + 8*  All  the  metals  whidi  oxidise  slowly,  110  being  present^ 
saeh  as  sine,  lead^  iron,  &c.,  give  rise  to  the  formation  of  HO + B; 
and  so  do  a  great  number  of  organic  substances^  such  aa  ether, 
the  tannic^  gallic,  and  pyrogallic  acids,  bsmatoxidine,  &c.  ,*  and 
even  reduced  indigo,  associated  with  potash,  &c.,  makes  no  excep- 
tion to  the  rule.  The  same  simultaneity  takes  place  during  the 
electrolysis  of  water;  never  ozone  without  peroxide  of  hydrogen, 
I  admit  therefore  that  O,  on  being  brought  into  contact  with  an 
oxidablc  substance  and  water,  undergoes  that  char  ire  of  condition 
which  I  call  "chemical  polarization;"  i.  e.  is  converted  into  0  and 
0,  the  latfcr  of  which  combines  with  HO  to  form  110 -J- whilst 
O  is  associated  to  the  oxidablc  matter,  such  as  phosphorus,  zinc, 
&c.  In  the  ])receilin^  statements  you  have  only  a  very  rough 
outline  of  my  late  researches  ou  the  chemical  polarization  of 
neutral  oxyprcn  :  the  details  on  that  subject  arc  contained  in  a 
number  of  papers  lately  published,  and  of  which  your  English 
periodicals  have  as  yet  not  taken  any  notice.  Having  gone  so 
far,  I  could  not  but  be  very  curious  to  try  whether  it  was  not 
possible  to  obtain  8  in  its  insulated  or  free  state.  I  directed 
of  course  my  attention  to  that  set  of  peroxides  which  I  call 
antosonides/'  and  tried  in  different  ways  to  eliminate  from 
them  that  part  of  theur  oxygen  which  I  consider  to  be  O.  Years 
ago  I  remarked,  in  accordance  with  an  observation  made  by  M. 
liouzeau,  that  the  oxygen  disengaged  from  the  peroxide  of 
.barium  by  means  of  the  monohydrate  of  SO^,  exhibits  an 
oione-like  smell,  and  the  power  of  turning  my  oione  test-paper 
blue.  Not  having  at  that  time  a  notion  of  two  opposite  active 
conditions  of  oxygen,  I  was  inclined  to  ascribe  these  projjcr- 
ties  to  the  presence  of  minute  quantities  of  ozone  in  the  said 
gas;  but  on  examining  it  more  closely,  I  found  it  to  be  neutral 
oxygen  mixed  \\p  with  a-  very  small  portion  of  antozone,  or  0. 
A  most  important  and  distinctive;  property  of  antozone  is  the 
•readiness  with  which  it  unites  willi  water  to  form  peroxide  of  hy- 
drogen, whilst  ozone,  like  neutral  oxygen,  is  entirely  incapable 
of  doing  80.  Hence  it  comes  to  pass  that  the  oxygen  disengaged 
from  BaO  +  O,  under  ceilain  precautious,  becomes  inodorous  on 
being  shaken  with  water,  and  that  this  fluid  contains  HO^.  The 
simple  cause  of  the  minute  quantities  of  Oobtained  from  BaO + O, 
is  the  heat  disengaged  during  the  action  of  80^  upon  the  per- 
oxide, by  which  most  of  the  9  eliminated  is  tiansformedinto  O; 
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Xou',  what  do  you  say  to  the  extraordinary  fact,  that  the  anti- 
pode  of  ozone  has  these  many  thousand  years  been  ready  formed 
and  inearoented^  only  waiting  for  aomebody  to  recognize  and 
let  it  looae  out  of  its  priaon  ?  A  dark  blue  apeeiea  of  floor-spar 
baa  for  yeara  been  known  by  the  German  mincndogists^  being 
distinguished  bv  its  property  of  producing  a  peeuliarly  disagree- 
able snicll  on  being  triturated.  Many  eonjecturea  were  made 
as  to  the  ch  niiral  nature  of  the  odorona  matter  emitted  from 
the  spar:  chlorine,  iodine,  and  even  Ofone  were  spoken  of,  but 
it  turned  out  to  be  a  different  thing. 

M.  Schafhaeutl  of  ^Innicli  sent  me,  a  month  apro,  some  hun- 
dred era?nni('s  of  the  said  fluor-spar  (occurring  witlnn  the  veins 
of  a  granitic  rock  at  AN'ulscndorf,  a  Bavarian  vilhigc  near  Am- 
berg),  asking  me  to  try  my  hirk  in  ascertaining  the  natnn'  of 
the  smelling  matter;  and  I  tliink  I  hnvc  fullv  snccitdcd  ia 
making  out  what  it  ia.  Surprisinir  as  it  tiny  sound  to  you,  and 
unique  a.s  tho  fact  certainly  that  matter  happens  to  be  nothing 
but  my  insulated  antozone.  "  But  how  do  you  prove  that  you 
will  ask  me.  In  the  first  phicc,  1 1  smells  exactly  uke  %  disengaged 
from  BaO^  '^But  smells  are  fallacious  tests.''  They  are.  You 
shall  have  another  proof  that  will  irresistibly  carry  conviction 
with  it:  on  triturating  the  fluor-spar  with  water,  peroxide  of 
hydrogen  is  formed,  not  in  homceopathici  but  very  perceptible 
quantities.  When  I  first  found  out  this  extraordinary  fact  (I 
think  it  was  on  the  17th  of  November  last),  I  could  not  help 
laughing  aloud,  though  I  happened  to  be  quite  alone  in  my  la- 
boratory. I  laughed  because  I  stron£»;ly  suspected  my  toe  to  be 
hidden  in  the  spar,  and  1  In-okc  his  m?.<V.  under  water  with  the 
view  of  catching  him  by  that  thud,  indeed,  it  was  to  me  as  if  I 
bad  caught  a  very  cunning  fox,  lung  sought  after,  in  a  trap  put 
up  for  liiin.  To  sliow  you  that  in  saying  this  I  liavc  neither 
been  joKmir  nor  dreaming,  I  shall  send  you,  as  soon  as  I  can,  a 
sample  t>l  I  lie  wonderful  spar,  w  ith  which  you  may  easily  satisfy 
your  curiosity  and  convince  yourself  of  the  correctness  of  my 
statements.  I  must  not  omit  to  tell  yon  that^  according  to  some 
previous  experiments  of  mine,  the  fluor-spar  of  Wulsendorf 
contains  j^th  part  of  antosone^Ht  quantity,  as  you  see^  not  at 
all  homcBopathic.  How  that  subtle  matter  got  into  the  spar  I 
cannot  tell. 

XV.  Note  on  t/ie  Remarf-.'^  of  ^Ir.  Jerrard. 
Btj  James  Cocems,  Esq, 
[Concluded  from  vol.  xix.  p.  3."i2.] 

THE  sequel  to  Mr.  Jcn  ard's  important '  Essay '  may  remove 
tho  iipw  doubts  nncl  difficulties  which  arise  upon  his 

'  Kemarksy'  and  wiuch,  numbered  in  conformity  with  his  para<« 
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graphs,  arc  here  briefly  noticed.  Mr.  Jerrard  has  to  meet  the 
additional  objections  that — 

1,  2,  4.  'then  is  no  error  in  Mr.  Harley's  processes.  The 
error  of  inferring  the  seztie  to  be  an  Abelian  I  have  already 
traced  to  its  source  (voL  zix.  p.  197  ei  h^. 

3.  If  the  fnnctions  jHj  Ja,  and  ^s,  are  not  eztraneonsy 
let  two  (^uintic  surds  be  expelled,  as  reduciblei  from  them  and 
from  gS.   Then,  according  to  Abers  theorem,  all  the  roots  of 

(ab)  axe  roots  of  (sc).   Denote  (ac)  and  (ab)  by 

respectively.  Then 

But  what  is  the  form  of  f  ?  Certainly  not  /,  for  the  root  H / 
is  common  to  (ab)  and  (ac).  Uiitc^^  Mr.  Jerrard  shows  that  f 
cannot  be  replaced  hy/^/^c^,  his  coueiusion  is  vitiated  by  an 

error  in  comparing  (ab)  and  (ac). 

5.  The  complex  process  need  not  ^npcr<;edc  the  simple  method 
of  substitutions  when  we  are  dculinj^  with  symmetric  functions 
of  ^  and  B".    Such  functions  are  Mr.  Jerrard's  a,  or 

and  my  0,  or 

To  take  a  simple  example, 

6.  It  can  scarcely  be  said  tliat  Mr.  Jcrrard's  thcoren)  is 
ignored  by  Mv.  llarley.  That  theorem  is  inapplicable  to  the 
pi-ocesscs  dealt  with  in  Mr.  Harley's  paper^  into  which  no 
symbol  corresponding  to  F  enters. 

7.  Actual  calcnlation  shows  that  B  and  0  are  similar  fkmc- 
tions  {fonctiofu  temblabkB),  And  if  in  my  function  y  ^  Bub- 
stitute  B  for  0,  the  result  is  an  equation  which,  combined  with 

(ac)  ,  shows  that,  if  the  latter  be  an  Abelian,  the  root  of  a  general 
quintie  can  be  expressed  without  quintic  surds. 

8.  If,  in  expanding  a  functiim  of  two  inde])endent  quantities, 
we  do  not  obtain  an  expression  symmetric  with  respect  to  those 
quantities,  and  such  as  to  admit  of  an  interchange  between  them, 
I  cannot  consider  the  expansion  as  algebraically  (rigorously) 
true. 

In  generalizing  the  theory  of  transcendental  roots  which  I 
have  sketched,  and  partially  developed,  in  these  pages,  wc  may 
start  from 

d?"— (n— l)a=0. 
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We  next  deduce  an  n-ic  in    in  which 

and,  heucej  wc  pass  to  an  n-ic  in  a',  in  which 

where  m  is  not  greater  than  n— 1,  and  K^.  •  Tare  80  de- 
termined that  the  n-ie  inaf  isot  the  form 

4f*»— na'+  (n— l)a('asO. 

From  the  equations  in  x  and     we  obtain 

X  =  tf>a,       a:'  =  <f»a\       x"  =  <^",  ...  = 

whence  the  form  of  <^  is  to  be  sonclit. 

Mr.  Jerrard's  triii  iniul  transformation  indicates  that  this 
process  is  applicable  (i  rmid  fnctp)  to  equations  as  hip^h  as  the  fifth 
degree  inclusive.  ]k yunJ  that  degree  a  trinomial  cannot  be  a 
general  equation.  But  possibly  the  properties  of  trinomial  equa- 
tions, or  of  equations  involviog  only  one  parameter,  may  enable 
tts  to  extend  tiie  proceaa  fiirther  by  obtaining  the  n-ic  in  sfm 

4  Pump  Court,  Temple,  LondoD, 
Jamiary  12,  1861. 


XVI.  A  Thcririf  of  Mafftietic  Force, 
By  Professor  Challis, 

[Cootumed  from  p.  73.] 

IN  art.  6  of  the  foregoing  part  of  the  Theory  of  Magnetic 
Force,  certain  laws  of  the  motion  of  an  elastic  fluid,  essential 
both  to  that  theory  and  to  the  previous  theories  of  electric  and 
galvanic  forces,  were  enunciated  withont  being  supported  by 
mathematical  evidence.  Before  proceeding  further  with  the  ex* 
planation  of  magnetic  phenomena,  I  propose  to  adduce  the 
mathematical  investigation  of  those  laws. 

]5.  It  was  stated  that  the  resultant  of  the  composition  of 
steady  motions  is  steady  motion.  TJie  proof  of  this  theorem  is 
as  follows  : — For  cases  of  steady  motion,  the  general  hydrody- 
namical  equation  whieh  ex  pi  esses  constancy  of  mass,  viz, 

dp  ^  d .  pu_^d,pv^d,pw^Q 
di     dx       da       dz  * 


becomes,  to  the  se&md  order  of  approximation, 

du  ^dv  _^dw 
dx   dy    dz  ' 

because  for  that  kind  of  motion  ^=0.  and     ,      ,  are 

ai  pdx  pdy  pds 
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each  of  tlie  order  of  tiic  square  of  the  velocity,  as  is  sliown  by 
the  general  dilFerential  equations  involving  the  pressure,  no 
eztitmeons  force  being  supposed  to  act.  Now  if  Ui,  vj,  ; 
Ug,  r^,  &c.  be  veloeitiea  dae  to  different  disturbancea  acting 
separatelv,  and  eacb  set  of  valaes  satisfy  scjiarately  the  second 
of  the  above  equations,  it  is  evident  that  if  ttstti  +  Ug+  &c., 
V8V|+Vg+  ftc.^  w^Wi-\rVf^'\  &C'f  u,  v,  w  will  satisfy  Uie  same 
equation.  From  this  reasoning  it  follows  that  when  several 
causes  of  steady  motion  coexist,  the  velocity  they  produce  con* 
jointly  at  any  point,  is  the  resultant  of  the  velocities  which  they 
would  produce  at  the  same  point  by  acting  separately.  Hence 
since  the  component  motions,  being  steady,  arc  constant  in 
magnitude  and  direction  nt  each  point,  the  resultant  motions 
will  be  constant  in  magnitude  and  direction  at  each  point;  that 
is,  the  whole  motion  will  be  steady. 

16.  Hence  in  the  general  hydrodyiKiinical  equation  applicable 
strictly  to  steady  motion,  when  uo  extraneous  force  acts,  viz. 

a'Nap.  log/()=C— — , 

we  may  assume^  since  terma  involving  the  square  of  the  velocity 
have  been  taken  into  accoaniy  that  V  is  the  resultant  of  severu 

velocities,  i/,  ftc,  given  in  magnitude  and  direction.  Take, 
for  instance,  the  two  velocities  xl  and  and  suppose  their  direc- 
tions to  make  an  angle  a  with  each  other.  Then 

VW«+t/«+2i/i/'co««». 

From  this  equation  it  is  seen  that  if  the  value  of  C  be  given, 
the  velocity  is  greatest  and  the  density  and  pressure  least,  where 
assO,  that  is,  where  the  two  streams  coincide  in  direction;  and 
that  the  velocity  is  least,  and  the  density  and  pressure  greatest, 
where  a^ir  and  the  two  streams  are  in  opposite  directions. 

In  general  the  constant  C  will  be  different  for  different  lines 
of  motion.  But  in  the  cases  of  convergent  streams  flowing  from 
an  unlimited  distance,  and  divergent  streams  flowing  to  an  un- 
limited distance,  at  remote  points /3  =  1  where  V  =5 0,  and  con- 
sequently C=0  for  each  of  the  lines  of  motion. 

17.  The  hydi*odynamical  theorems  above  demonstrated  arc 
those  which  have  been  used  in  accounting  for  electric  attrac- 
tions and  repulsions,  the  mutual  action  between  two  electrodes, 
that  between  an  electrode  and  a  magnet,  and  the  mutual  attrac- 
tions and  repulsions  of  magnets.  It  is  to  be  remarked  that  in 
these  explanations  the  moving  forces  of  the  aether  acting  on  the 
ultimate  atoms  of  bodies  have  been  supposed  to  be  due  to  varia- 
tions  of  its  density,  produdng  st^cally  differences  of  ])res8ure 
at  diffisrent  points  of  each  atom.  But  if  motion  resulted  solely 
from  variation  of  the  density  of  the  ether  from  pouit  to  point 
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of  space,  there  would  seem  to  be  no  reatOQ  why  a  magnet  should 
not  move  various  tulMtances  as  an  electrified  body  does.  In  the 
one  case,  as  in  the  other,  variation  of  pressure  is  produced,  accord- 

ing  to  the  theory,  by  setherial  streanis.  What^  then,  is  the  reason 
that  an  electrified  body  acts  indifferently  on  many  kinds  of  sub- 
stances, whilst  a  magnet  nets  in  a  special  manner  on  certain  sub- 
stances, which  from  this  peculiarity  have  been  named  magnetic  ? 

18.  In  answering  this  question,  it  is  first  to  be  considered 
that,  according  to  the  hydrod)  namical  theory  of  electricity,  an 
electriricd  body  has  had  its  superficial  atoms  forcibly  disturbed, 
and  that  this  state  of  disturbance  gives  rise  to  vihrutioiis  ot  the 
fietber,  the  dynamic  fftect  of  which  on  a  neighbouring  body  is  to 
put  its  superficial  alums  also  into  a  state  of  tli^turbauce,  auJ 
thus  to  induce  electricity.  It  was  exj)lamcd  in  tlic  theory  referred 
to,  that  this  state  of  iiiduccd  electricity  coexists  with  a  gradation 
of  iiilcruul  density,  which  generates  the  secondary  currents  to 
which  electric  attractions  and  repulsions  are  attributable.  But 
in  a  magnet  there  is  nothing  corresponding  to  that  superficial 
disturbance^  the  internal  gradation  of  density  being  an  inde* 
pendent  property  of  the  body.  Henoe  there  are  no  vtbraiiom 
to  disturb  the  superficial  atoms  of  adjacent  bodies,  the  magnet 
aeting  dynamieaUy  wholly  ])y  currents j  and  consequently,  as  is 
known  by  experience,  it  is  incapable  of  inducing  electricity.  At 
the  same  time,  between  a  magnet  and  a  body  partially  or  indue- 
tively  electrified,  there  must  De  interference  of  setherial  currents;, 
and  consequently  mutual  action^  as  is  found  experimentally  to 
be  the  case. 

Still  it  may  be  argued  that  magnetic  streams,  varying  from 
point  to  point  of  space  as  to  density  and  velocity,  must  act 
dynamically  on  the  atoms  of  bodies  of  all  kinds,  independently 
of  their  electric  or  magnetic  states.  That  such  action  does 
really  take  place  to  a  sensible  amount  under  the  influence  of 
powerful  magnets,  will  be  made  apparent  l)y  the  following  con- 
siderations applied  to  the  class  of  facts  discussed  experimentally 
by  Faraday  in  the  Twentieth  and  Twenty-first  Series  of  his  *  Re- 
searches in  Electrieitv^  (PhiL  Trans,  part  1. 1846). 

19.  It  has  been  already  stated  that,  according  to  hydrody- 
namics, a  amgle  spherical  atom,  subject  to  the  action  of  a 
ateady  current.  Buffers  no  change  thereby  of  a  condition  either 
of  rest  or  of  uniform  motion.  But  this  is  no  longer  true  if,  the 
stream  being  steady,  the  lines  of  motion  are  not  parallel  to  each 
other,  because  in  that  case  there  will  be  inequality  of  the  pres- 
sures on  opposite  hemispherical  s  n  faces  of  the  atom.  Also  when 
such  a  stream  enters  into  any  substance,  the  ])artial  convergences 
or  divergences  of  its  course,  which  must  result  from  its  encoun- 
tering an  aggregation  of  aiomsy  may  materially  infiuence  ita 
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dynamic  action  on  any  given  atom.  We  have  not  the  data  for 
inquiring  what  Ibat  aetkm  may  be  in  any  particular  anbitance^ 
became  for  that  purpose  we  require  to  know  ita  compoeition  and 
the  niagnitades  and  arrangement  of  ita  atoms.  I  shall  there- 
fore  aasomey  aa  a  result  of  the  experiments  aboTe  referred  to^ 
that  divergent  and  oonveigcnt  magnetic  streams  aet  dynamically 
in  different  manners  and  in  different  degrees  on  a  great  variety 
of  substnTices  which  they  permeate. 

20.  If  the  substance  be  irony  the  moving  force  of  the  mag* 
netic  streams  on  its  individual  atoms,  apart  from  any  action 
resnltinj^  from  interference  with  secondnry  streams,  tends  along 
the  hncs  of  nuition  tovftrfh  tlic  poles  of  the  niairnct.  Tlie  fol- 
lowing remarkable  experiment  by  Faraday  (23ti8)  cstaljlishes 
this  law.  Cylindrical  glai"-?  tubes  containing  feiTUginous  solu- 
tions of  different  degrees  of  strength  were  suspended  with  the 
axes  vertical  in  a  ferruginous  solution  of  given  strength  between 
the  poles  of  the  magnet,  if  the  solution  in  the  tube  wa^i  stronger 
than  that  of  the  surrounding  fluid,  the  tube  was  attracted  to- 
wards either  pole ;  and  if  weaker^  it  was  repelled.  Both  these 
effects  msy  be  explained  on  the  assumption  that  the  magnet 
aifraets  the  solutions  in  proportion  to  the  quantity  of  iron  they 
contain.  The  tube  was  drawn  towards  the  poln  in  the  first 
ease,  because  the  contained  fluid  being  more  femiginous,  was 
more  attracted  than  the  surrounding  fluid.  In  the  other  case, 
the  hydrostatic  pressure  of  the  surrounding  fluids  due  to  the 
assumed  magnetic  attraction  towards  the  poles^  is  greater  on 
the  side  of  the  tube  nearest  either  pole,  than  on  the  opposite 
side,  and  this  difference  of  pressure,  not  being  wholly  counter* 
acted  by  the  attraction  on  the  contained  weaker  solution,  causes 
a  repulsion  of  the  tube.  'I'ho  cnf^cs  nro  exactly  analogoTis  to 
those  of  a  body  specihcally  lieavicr  than  water  sinking  in  it, 
and  a  body  specifically  li^^liier  rising  in  it,  by  the  action  of 
gravity.  Now  it  is  tnu-  that  the  magnetic  iorccs  here  assumed 
have  the  same  directioius  as  those  which  tin  \aiiatiou  of  the 
pressure  of  the  sether  woultl  of  itself  produce.  J5iit  if  the 
action  were  either  wholly  or  chiefly  due  to  this  cause,  no  reason 
ap}}car.i  why  the  observed  motions  should  depend,  not  upon  the 
difference  of  the  specific  gravities  of  the  flmds  within  and  without 
the  tube,  but  upon  one  being  more  or  less^^m^^moitf  than  the 
other.  The  experiment,  therefore,  allowa  ua  to  infer  theoreti- 
cally, that  setherial  streams,  flowing  through  trvn,  and  affected 
by  the  numba*,  size,  and  state  of  aggregation  of  its  atoms, 
exert  on  each  atom  an  accelerative  force,  which  is  in  the  direc* 
tion  of  the  current  where  it  is  convergent,  and  in  the  direction 
contrary  to  that  of  the  current  where  it  is  divergent.  The 
atOBiB  being  by  hypothesis  q^ericaly  it  may  be  infened  firom 
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hydrodynamical  conBidciations^  that  converging  and  diverging 
streams  impress  upon  them  the  same  moving  forces,  if  the  velo- 
cities be  tlic  snmc,  and  tlie  degree  of  convergcncy  be  equal  to 
tliat  of  divergency;  but  tlie  forces  will  be  in  opposite  direc- 
tions with  respect  to  the  course  of  tlie  streams,  llcncc,  under 
those  circumstances,  if  one  magnetic  pole  be  attractive,  the 
other  will  be  attractive  also,  and  in  the  same  degree.  This 
result  experience  confirms. 

21.  li  a  bar  of  bhmuth  be  suspended  either  horizontally  or 
vertically  between  liic  poles  of  a  magnet,  it  is  found  to  be  im- 
pelled in  the  directions  of  the  lines  of  motion  from  the  poles. 
The  action  is  therefore  opposed  to  that  which  resnlts  from  va- 
riation of  density  of  the  sther.  The  same  effect  took  place  when 
the  bismuth  was  broken  mto  verv  small  pieces.  Also  it  appeared 
that  two  pieces  of  bismuth  subject  to  the  action  of  magnetic 
streams^  eierted  no  influence  on  each  other ;  that  is,  no  se- 
condary streams  were  generated.  From  these  facts  it  must  be 
condttded  theoretically,  that  convergent  and  divergent  magnetic 
streams,  when  they  enter  bismuth  and  substances  of  the  same 
class,  and  are  modified  by  the  number,  size,  and  arrangement 
of  the  constituent  atoms,  impress  ou  the  individual  atoms  acce- 
lerative  forces,  which  impel  them  aloi^p:  the  lines  of  motion  from 
the  magnetic  poles.  For  the  same  reason  as  lliat  above  given 
in  the  case  of  iron,  the  action  is  alike  from  both  poles,  and  in 
the  same  degree,  althoxigh  the  streams  diverge  from  one  and 
converge  towards  the  other. 

22.  It  is  found  by  experiment  that  air  and  ynses  are  not 
sensibly  acted  upon  by  magnetic  streams.  Thics  fact  may  be 
explained  by  the  theory  ou  the  supposition  that  such  substances, 
on  account  of  th«r  small  density,  do  not  peroeptiblv,  by  the 
Btate  of  aggregation  of  tbdr  atoms,  modify  the  sstherial  streams, 
which  consequently  act  on  each  atom  as  if  it  were  alone.  Kow 
in  that  case  a  divergent  stream  impels  the  atom  in  the  direction 
of  the  course,  and  a  convergent  stream  draws  it  in  the  direction 
contrary  to  the  course,  and  it  is  possible  that  these  actions  may 
be  just  counteracted  by  the  opposite  effects  of  the  variation  of 
density  of  the  scth^. 

23.  Since  the  magnetic  streams  attract  one  class  of  substances 
(the  magnetic)  towards  the  pok>',  and  repel  another  class  (the 
diamagnetic)  from  the  poles,  we  miglit  expect  to  meet  with 
other  substances  which  arc  neither  attracted  nor  repelled,  or  are 
only  acted  upon  very  feebly.  This  appears  to  be  tlie  case  with 
copper.  The  peeuhar  phenomena  (Faraday,  2309,  &c.)  which 
this  metal  exhibits  when  placed  between  the  polo  ot  a  magnet, 
seem  to  admit  of  explanation  on  ilu;  ])rinciplcs  of  this  theory, 
by  supposing  its  atoms  to  be  easily  moveable  from  thcu  nuiuial 
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positions, — property  to  which  it  may  perhaps  owe  the  facility 
with  which  it  oondaeta  galvanic  carrents.  Iron  and  bismuth, 
which  are  not  good  conductors  of  galvanism,  present  yery  dif- 
ferent phenomena,  in  oonseqaence,  probably,  of  a  great  degree 
of  fixity  of  their  atoms,  by  reason  of  which,  and  of  atomic  ar- 
rangement find  constitution,  the  magnetic  streams  permeating 
tlicm  TTiay  Ijc  so  modified  as  to  become  respectively  attractive 
and  repulsive.  A  bar  of  copper,  when  first  acted  upon  by  the 
magnetic  streams,  begins  to  move  as  if  it  were  a  magnetic  body, 
this  motion  being  probably  due  only  to  the  variation  of  pressure 
from  point  to  point  of  the  streams.  But  quickly  its  atoms,  on 
account  of  their  mobility,  will  be  moved  by  that  pressure  uuo 
new  positions,  which  may  be  such  as  to  rcudcr  it  for  a  brief 
interval  diamagnetiCj  so  that  the  incipient  motion  is  stopped,  the 
atoms  finally  settling  into  positions  for  which  the  bar  is  neither 
magnetic  nor  diamagnetic.  These  are  positions  of  eonstnuntj  In 
which  they  are  held  by  the  dynamie  action  of  the  pressnre  of 
the  magnetic  streams.  When  the  streams  are  interrapted,  the 
atoms,  by  the  proper  moleenkr.  action  of  the  eopper,  retmm  to 
their  normal  positions;  and  in  the  mean  time  the  reaction  of 
the  sther  on  the  bar  prodnees  the  observed  revulsion.  The 
magnetic  streams  continuing  in  action,  if  an  impulse  be  given 
to  the  bar  tending  to  move  it  into  a  position  of  greater  mag- 
netic action,  for  the  same  reason  as  above  an  increment  of  dia- 
magnctic  force  is  generated,  and  a  momentary  excess  of  diamag- 
netic  action,  iinsmg  from  tlie  atoms  being  carried  by  their 
momentum  bcy  iiul  the  positions  in  which  they  finally  settle, 
stops  itj  and  if  It  be  moved  into  a  position  of  less  magnetic 
action,  a  momentary  defecl  of  diaiiiagncLic  action,  also  due  to 
the  momentum  of  the  atoms  in  taking  up  new  positions,  equally 
stops  it.  The  sluggish  motion  of  the  bar  may  be  thna  aeooonted 
for.  The  movement  which  occurs  when  the  streams  commence, 
wonld  not  take  place  if  the  bar  were  placed  in  the  axial  or  equa- 
torial direction,  because  the  initial  magnetic  action  would  be 
symmetrical  with  respect  to  each  of  these  durections.  If  the 
copper  were  of  the  form  of  a  globe,  with  its  centre  on  the  axial 
direction,  the  sluggishness  would  still  exist,  because  any  move- 
ment of  it  about  a  vertical  axis  would  bring  each  point  into  a 
position  of  (*ithcr  grcntrr  nv  less  magTirtic  action. 

24.  Sinc('  it  appears  from  the  foregomg  discussion  that,  inde- 
pendently of  the  dynamic  elTcct  of  magnetic  streams  resulting 
from  gradations  of  the  density  of  the  aether,  they  exert,  when 
they  enter  a  magnetic  body,  a  particular  moving  force  due  to 
their  dive  "gence  or  e  )nvergence  as  affected  by  the  atomic  con- 
stitLtion  of  the  body,  this  force  ought  to  be  taken  into  account 
in  the  theory  of  the  magnet  (art.  4),  and  in  the  explanation 
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of  the  inntiial  action  between  two  magnets  (art.  7).  As  the 
two  kinds  of  force  act  along  the  same  lines  in  the  same  direc- 
tions, the  consideration  of  this  second  force  will  not  alter  the 
inclusion  arrived  at  in  ait.  4,  as,  in  fact,  is  stated  at  the 
conclusion  of  that  article.  With  respect  to  the  manner  in 
which  the  mutual  action  of  two  magnets  is  all'ectcd  by  the 
motion  of  thcsetheiial  isUcains  wnhai  them,  it  in  to  be  remai'ked 
that  divergence  and  convergence  are  increased  by  the  oppon- 
tioa  of  two  fltraams,  and  dmuniilied  by  thdr  ooimaenoe;  and 
that  the  partieolar  force  under  oonBidention  ia  always  Unwarde 
poaitiona  from  which  the  atreama  diverge,  or  towarda  whidi  they 
eonverge.  Hence  thia  additional  force,  being  some  function 
of  the  degree  of  convergeney  or  divergency,  produces  effects 
exactly  like  thoae  of  the  pressures  considered  in  art.  7,  and  the 
concluaion  there  drawn  remaina  the  aame  when  both  kinda  of 
force  arc  taken  into  account. 

25.  The  following  theory  of  magnetic  induction  rests  on  the 
forciroing  views.  It  is  found  that  vrhvn  n  bar  of  soft  iron  is 
plnci  (1  in  the  plane  of  the  magnetic  nn  i  niian,  it  is  magnetized 
inductively,  the  magnetism  disappearing  when  its  axis  is  placed 
pci  Jit  iidicular  to  that  plane.  The  induced  magnetism  is  greatest 
when  tlic  axis  coiiicitlt's  With  the  direction  of  the  dippinpr-nccdlc ; 
and  the  magnetism  of  its  north  end  is  ihe  same  as  that  of  the 
north  end  of  the  needle.  These  facts  admit  of  being  explained 
on  the  Buppoaition  that  the  primary  terreatrial  atream  in  ita 
paaaage  through  the  bar  exerta  a  force  on  the  atoma  in  the  di- 
rection lirom  Boutb  to  norths  ao  aa  to  produce  a  gradation  of 
denaityof  the  bar  towarda  the  north  end.  Thia  force  may  oxi> 
ginate  in  the  circumstance  that  when  the  atream  enters  the 
bar  ita  yek>city  is  increased  by  the  contraction  of  the  channel  by 
the  atoms,  and,  the  denaity  and  pressure  being  consequently 
diminished,  the  surrounding  lUiid  is  drawn  towards  the  axis  of 
the  stream.  Thus  there  will  be  lines  of  motion  without  and 
within  the  bar  converging  northward,  and  consequently,  from 
what  is  argued  iu  art.  120,  a  force  will  be  generated  proper  for 
producing  the  increment  of  density  towards  the  north  end.  The 
same  effect  would  be  produced  even  if  the  streams  were  parallel, 
because  as  divergent  streams  flowing?  through  iron,  draw  the 
atoms  towards  the  quarter  from  winch  they  flow,  a  fortiori, 
parallel  streams  would  do  the  same.  Thus  the  bar  is  converted 
into  a  magnet.  But  it  ia  to  be  obaerved  that  the  atoma  retain  their 
poaitioiii  in  consequence  of  the  counteraction  of  this  diaturbing 
force  by  the  moleeuiar  repidaion  of  the  iron  due  to  the  variation 
of  ita  density.  Hence  when  the  bar^  by  being  put  into  a  position 
transverse  to  the  magnetic  meridian^  ceases  to  be  under  the  in* 
flueoce  of  the  teiTcstrial  current,  the  atoms  return  to  their  normal 
poaitiona>  and  the  bar  ceaaea  to  be  a  magnet*  It  ia  dear  that  thia 
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induction  of  magnetism  will  be  greater,  the  more  directly  the 
primary  stream  flows  through  the  bar,  as  is  known  to  be  the  case 

by  experiment. 

26.  When  a  coil  of  wu'C  in  the  form  of  a  heluc  surrounds  a 
cylinder  of  soft  iron,  and  a  galvanic  current  is  sent  through  the 
wire,  magnetism  is  found  to  be  induced  m  the  iron.    This  fact 
is  explained  by  the  theory  as  follows.    The  turns  of  the  LlUx 
being  supposed  to  be  very  Uttle  apai-t,  each  turn  will  be  nearly 
in  a  plane  perpendicular  to  the  axis  of  the  cvUndcr.  Hence  the 
circDJar  motionB,  wbich,  according  to  the  tbeory  of  galvanlstDi 
take  place  about  the  wire,  will  be  very  nearly  in  planea  paanng 
through  that  axis.   Suppose  the  course  of  the  current  to  be 
from  the  end  B  towards  the  end  A  of  the  cylinder^  and  the 
turns  of  the  hela  to  proceed  from  the  left  hand,  over  the  cylin- 
der, to  the  right  hand  of  a  person  looking  from  B  towaros  A. 
Then,  since  the  circular  motion  about  any  portion  of  an  elec- 
trode in  which  the  current  is  conceived  to  ^w  parallel  to  the 
earth's  axis  from  south  to  north  is  always  in  the  direction  of 
tlie  onrtli's  rotatiofi,  it  follows,  in  the  case  supjwscd,  that  if  the 
circular  motion  ^Mtlim  the  cylinder  be  resolvcti  into  parts  par- 
allel and  ])erpcndieniar  to      axis,  the  former  will  all  be  in  the 
direction  from  15  towards-  A,  and  the  latter  will  very  nearly 
destroy  cacli  other.  Thns  the  result  will  be  a  longitudinal  sti-cam 
from  15  towards  A,  the  velocity  of  which,  if  the  helix  be  pretty 
close  to  the  cylinder,  will  be  greatest  along  its  axis.    The  ex- 
planation of  the  manner  in  which  this  stream  induces  mag- 
netism in  the  iron  core^  is  precisely  the  same  as  that  applied  m 
the  preceding  article  to  induction  by  tenestrial  magnetism.  The 
pole  A  of  the  magnetized  cylinder  corresponds  to  that  pole  of  a 
ma^etic  needle  which  points  northward.   The  contrary  would 
plamiy  be  the  case  if  the  helix,  instead  of  being  dexirwnum,  as 
supposed  above,  had  been  sinistrartum*   All  these  results  agree 
with  well  known  experimental  fiscts. 

27.  The  theory  I  now  proceed  to  give  of  terrmtrial  magnetism 
rests  on  no  other  hypotheses  than  those  on  which  the  general 
physical  theory  is  based.  It  will  be  assumed  that  the  earth  und 
all  the  bodies  of  the  solar  system  are  composed  of  splicrical 
inert  atoms,  of  ditfereut  magnitudes,  and  in  ditlerent  statt  s  of 
aggregation,  and  that  the  ather  pervadinir  their  interiors  is  in 
the  same  state  of  density  as  in  the  external  spaces.  Any  in- 
vestigation of  the  motions  impressed  on  the  aether  by  the  known 
motions  of  ihc  bodies  of  the  solar  system,  must,  in  order  to  he 
consistent  with  the  whole  preceding  argument,  set  out  from  these 
hypotheses.  The  foUowmg  considerations  will,  I  think,  show 
that  they  lead  to  condusions  which  are  in  accordance  with  ob> 
served  facts  of  terrestrial  and  coamical  magnetism, 
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We  arc  to  assume  that  the  mass  of  the  earth  consists  of  dU* 
Crete  spherical  atoms,  and  that  the  wbolc  of  its  interior^  excepting 
the  space  occupied  by  atoms>  is  filled  with  aether  in  the  same 
state  of  density  as  in  the  externa!  regions  of  space^  with  only 
snch  variations  of  density  as  arc  produced  by  its  motion.  The 
same  assumption  is  to  be  extended  to  the  sun,  the  inooii,  nnd 
all  the  planets.  In  the  first  phice,  let  us  endeavour  to  ascertain 
what  kind  of  movenu-nt  is  impresf^ed  on  the  rrther  by  tin-  earth's 
rotation  ;  and  for  the  sake  of  distinctness,  ]  sliall,  at  first,  su])posc 
that  the  e:ii-t]i  1ms  no  motion  of  translation,  and  tliat  it  is  per- 
fectly symmetrical  with  respect  to  its  axis  and  its  equatorial 
plane.  Then  as  the  terrcstiial  ataais  will  impress  a  part  of  their 
velocity  on  the  sether,  a  rotatory  motion  of  the  latter  will  he 
produced,  which  hy  its  centrifugal  force  will  tend  to  draw  the 
flmd  htm  the  earth's  axis.  This  tendency  cannot  give  rise  to  a 
stream  fiom  one  pole  to  the  other,  hecanse  there  is  no  reason 
wh^  it  should  flow  in  one  direction  rather  than  the  other. 
Neither  can  streams  be  generated  setting  from  the  equatorial 
parts  towards  the  poles,  hecanse  as  the  velocity  will  be  greatest 
in  and  near  the  plane  of  the  equator,  the  fluid  would  rather  be 
urged  towards  this  plane^  and  circulate  by  return  currents  along 
tlic  axis  towards  the  poles.  The  tendency  of  the  centrifugal 
foire  to  draw  off  thf^  fluid  from  the  axis  of  rotation,  will  be 
counteracted  by  aecelerative  forces  due  to  increments  of  den- 
sity of  the  ajther  which  result  from  the  resistance  of  its  inertia 
to  the  centrifugal  muvement.  These  forces,  acting  nKvavs 
towards  the  axis,  cause  the  circular  motion  immediately  im- 
pressed by  the  atoms  to  extend  into  the  aither  beyond  the 
earth's  surface.  But  it  is  evident  that  so  long  as  the  terrestrial 
atoma  have  greater  velocity  than  the  tether  contiguous  to  them, 
the  centrifugal  force  is  on  the  increase,  and  the  permanent  state 
is  reached  only  when  there  is  no  motion  of  the  atoms  relative 
to  the  Mher.  The  opposite  forces  then  maintain  a  steady 
motion  at  all  points,  there  being  no  reason  why  the  motion 
should  not  be  steady  at  one  point  rather  than  at  another.  Con- 
sequently in  the  earth's  interior,  and  at  the  surface,  and  sensibly 
to  considerable  heights  abovr,  the  aether,  like  the  atmosphere, 
partakes  of  the  earth's  rotation.  Tiiis  ^^ratory  motion  must 
spread  to  i  Luiotc  distances,  the  veloeity  dcereasing  with  the  di- 
stance aceordins'  to  a  law  which  eventually  may  be  found  to 
admit  of  matliematical  investigation  on  hydrodynanneal  ])rin- 
ciples.  As  the  motion  of  rotation  must  be  combined  with  the 
circulating  currents  above  mentioned,  the  total  motion  is  spiraL 

29.  Now  let  the  earth  be  supposed  to  have  a  motion  of  trans- 
lation, either  uniform  or  variable.  Then  on  the  principle  that 
there  can  be  neither  gain  nor  loss'of  the  momentum  of  theiether 
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due  to  the  earth's  rotation,  it  irmy  be  asserted  that  the  gyrntory 
motion  is  transferred  without  alteration  through  space  witli  the 
earth.  It  may  not  be  that  the  motion  of  a  p-iven  particle  of  the 
lluid  remains  tiie  same :  but  the  motion  is  constantly  the  same 
in  positions  which  in  successive  instants  are  the  same  relative  to 
the  earth's  centre  and  equatorial  plane.  Coexistent  with  the 
gyrations  of  the  aether,  motions  of  translation  must  be  impressed 
upon  itj  having  constant  relations  to  the  earth's  motion.  With 
respect  to  that  portion  of  aether  which  has  sensibly  the  same 
rotation  as  the  earthy  the  most  probable  supposition  is  that  it 
has  also  very  nearly  the  same  motion  of  translation,  and  that 
eonscquently  the  relative  motion  of  the  earth's  atoms  and  the 
lether  in  its  interior  is  verv  small. 

These  conclusions  apply  to  the  other  rotatory  bodies  of  the 
solar  system.  All  are  conseqaently  centres  of  gyratory  motions, 
which,  according  to  the  reasoning  in  art.  15,  may  coexist  in  the 
cosmical  spaces  without  interfering  with  each  other. 

29.  But  it  is  not  true,  as  supposed^  that  the  earth  is  symme- 
trical with  respect  to  its  axis  and  equatorial  plane,  the  superficial 
distribution  of  hind  and  water  showmg  that  this  is  not  the  case. 
On  the  sn])i)ositiuii  i  f  symmetry,  the  centrifugal  force  of  the 
earth's  rotation  woulti  induce  a  variation  of  its  internal  density, 
proper^  according  to  the  theory,  for  generating  secondary  streams 
nuder  the  influence  of  a  primary  current.  Bat  as  by  reason  of 
the  symmetry  equal  and  opposite  effects  would  be  produced  on 
every  diameter  of  the  earth,  no  streams  would  become  sensible. 
For  the  same  reason  no  streams  result  from  the  increase  of  the 
earth's  density  towards  the  centre  by  the  effect  of  gravity.  In 
the  actual  case  of  deviation  from  symmetry,  the  motion  of  the 
aether  cannot  be  wholly  in  symmetrical  gyrations  as  above* 
inferred,  although  it  will  be  approximately  such.  There  must 
be  motion  relative  both  to  the  equator  and  the  axis,  steady  in  its 
character,  as  depending  on  constant  cause?,  and  constitut  ni::  a 
primary  stream,  which  llowing  through  the  earth,  put  into  an 
unsymmetrieal  state  of  restraint  by  the  centrifugal  force,  will 
give  rise  to  secondary  streams.  The  primary  current  may  be  of 
i'eeblc  intensity,  and  yet  by  originating  accclcrativc  forces  which 
act  through  large  spaces,  may  generate  streams  of  great  intensity. 
The  earth's  magnetic  streams  maybe  regarded  as  resulting  from 
a  -combination  of  the  primary  and  secondary  streams.  According 
to  these  views  the  deviations  of  the  earth's  form  and  matter  from 
symmetry  determine  the  directions  of  the  magnetic  streams,  which 
appear  from  experiment  to  m/cr  the  earth  on  the  north  side  of  the 
magnetic  equator,  and  to  issue  from  it  on  ihtwuth  side.  Tfie  earth 
is  thus  a  vast  magnet ^  the  streams  of  which  are  of  constant  intensitg, 
exc^uijf  so  far  as  they  may  be  Jisiwrbed  by  casmieai  ir^luenees* 
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The  terrestrial  streams  probably  circulate,  those  which  issue 
nearly  perpendicularly  to  the  carth^s  surface  in  the  antarctic 
regions,  after  lising  to  great  heights,  turning  back  m  cui  ved 
courses  distant  from  the  earth,  so  as  to  enter  ^ain  nearly  per- 
pendicularly in  the  arctic  regions.  To  this  circulation  most  be 
added  that  spoken  of  in  art.  27,  which  conspires  with  the  ant- 
arctic streams  and  opposes  the  arctic,  and  thus  probably  accounts 
for  the  observed  excess  of  antarctic  magnetic  intensity. 

80.  If  the  earth  had  been  symmetrical  with  respect  to  its  azisy 
but  not  with  respect  to  its  equator,  the  magnetie  streams  would 
also  have  been  symmetrical  with  respect  to  the  axis.  But  the 
actual  irregular  distribution  of  land  and  sea  is  opposed  to  this 
law,  and  it  is  found  in  fact  that  there  is  an  approximation  to 

■  two  magnetic  poles  as  well  in  the  arctic  as  the  antarctic  regions. 
Also  it  is  established  by  observation  that  these  poles  have  not 
fixed  positions  on  the  earth's  surface.  Taking  account  of  tliis 
circumstance,  and  of  the  character  of  the  irregularities  to  wliich 
the  theory''  ascribes  the  generatiuu  of  the  currents,  wc  miglit 
infer  that  the  niagnetic  poles  would  be  unsymmetrically  situated 
with  respect  to  the  earth's  poles,  that  the  streams  would  be 
disposed  unsymmetrically  about  them,  and  that  in  their  move- 
ment they  would  not  retain  the  same  relative  positions.  These 
inferences  observation  appears  to  countenance* 

81.  The  arches  and  stremnere  of  the  Aurora  BoreaHa  and  the 
Aurora  Auitralis  are  portions  of  terrestrial  magnetic  streama 
made  visible  by  particular  disturbances.  According  to  my  view 
of  the  undulatory  theory  of  light,  I  should  have  no  difficulty  in 
admitting  that  setheriai  streams  that  are  steady,  and  on  that 
account  emit  no  light,  become  luminous  upon  being  disturbed. 

32.  AVe  have  now  to  coTi^idcr  the  disturbances  wliich  the 
steady  terrestrial  currents  may  undergo  from  cosmical  influeuces. 
And  in  the  first  place  it  may  be  stated,  as  a  deduction  from 
hydrodynamical  principles,  that  the  steady  streams  to  which 
magnetic  force  has  been  attributed,  and  the  vibrations  winch 
were  assumed  to  exist  lu  the  theory  of  the  force  ot  gravity,  ittai/ 
coexist  without  mutual  interference^  so  that  the  two  kinds  of  force 
act  independently  of  each  other, 

85.  The  effect  which  an^  motion  of  translation  which  the 
earth's  atoms  ma^  have  relatively  to  the  ether,  may  be  presumed 
to  be  the  same,  m  respect  to  generation  of  secondary  currents, 
as  that  of  a  current  within  the  earth  at  rest.  In  the  investiga- 
tion of  such  effect,  the  motion  of  translation  of  the  solar  system 
would  have  to  be  taken  into  account,  together  with  the  motion 
of  the  earth  in  its  orbit.  As  observation  has  not  detected  a 
variation  of  terrestrial  magnetism  corresponding  to  the  law  of 
the  variation  of  velocity  which  would  result  from  the  oombina- 
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tion  of  tbeM  motions^  it  mutt  be  eoncladed,  in  eonfoniiitj  with 
what  18  8aid  in  art.  28^  that  there  is  no  perceptible  effect  from 
motion  of  translation  of  the  atoms  relative  to  the  aether. 

84.  l%e  tenestrial  streams  will  be  disturbed  by  the  streams 
due  to  the  gyratory  motion  about  the  snn^  and  the  direction  and 
amount  of  the  resultant,  at  a  giren  place^  of  the  combination  of 
the  solar  and  terrestrial  streams,  will  vary  with  the  time  of  day* 
Hence  there  will  be  a  diurnal  variation  of  magnetic  intensity,  as 
is  also  known  from  observation.  Tlic  epoch  of  mnxiiiiinn  in- 
tensity will  depend  in  part  on  the  position  ot  the  place  relative 
to  the  magnetic  poles. 

85.  The  amount  of  the  variation  of  intensity  on  a  given 
dav  wiil  depend  ou  the  SLin\s  deelination,  and  therefore  will  be 
subject  to  an  annual  variation,  being  in  north  latitudes  greatest 
at  the  summer  solstice^  and  least  at  the  winter  solstice.  These 
results  are  confirmed  hr  observation. 

It  may  deserve  to  be  considered  whether  the  magnetic  in- 
tensity is  sensibly  afibeted  by  eurrents  which  must  be  produced 
in  the  atmosphere  by  solar  Aeai,  setting  in  all  directions  from 
the  parts  of  the  atmos})]u  rc  most  heated  by  the  sun.  The  effect 
of  these  currents  would  be  subject  to  diurnal  and  annual  Taria* 
tions,  and  if  of  considerable  amount,  would  have  an  influence  on 
the  local  hour  of  maximum  intensity. 

3G.  There  will  also  be  anunnl  rnrinfioT]  of  intensity  inde- 
pendent of  the  sun's  decimation,  being  due  solely  to  the  change 
of  the  velocity  of  the  solar  gyrations,  caused  by  change  of  the 
earth's  distance  from  the  sun.  Such  a  variation  has  been 
detected  ;  but  its  amount  is  very  small. 

87.  Thiough  the  telescope  the  mn  presents  itself  to  our  view 
as  u  globular  body,  surroiuidcd  by  a  thick  envelope  consisting 
of  matter  which  accumulates  and  divides,  floating  and  whirling 
most  probably  by  the  action  of  an  atmosphere^  and  which  is 
separated  from  the  interior  solid  ^lobe  by  an  intervening  space. 
Vfe  cannot  be  far  wrong  in  calhng  su€»i  matter  doiitf.  It  ta 
then  reasonable  to  suppose  that  the  observed  changes  are  attri- 
butable to  the  action  of  galvanic  or  magnetic  streams,  generating 
and  precipitating  from  time  to  time  the  cloudy  matter.  But 
changes  can  hardly  be  attributed  to  the  proper  magnetic  atreams 
of  the  sun,  because  these,  as  in  the  case  of  the  earth,  will  most 
probably  bn  of  a  constant  character.  The  changes  are  rather 
due  to  disturbances  of  the  solar  streams  by  extenia!  iniluence,  as 
by  the  cryrntory  streams  of  the  planets.  It  is  therefore  quite 
in  accordaucr  witli  this  theory  to  find,  as  has  been  done  lately, 
that  observations  indicate  ])eriods  of  maxima  and  minima  of 
$Oi(ir  .-^potft.  These  periods  will  l)e  determined  by  cliangcs  of  the 
combmtd  acUou  oi  the  gyratory  motions  about  the  plauets,  as. 
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resulting  from  changes  of  their  positions  relative  to  the  sun ;  and 
it  is  therefore  not  surprising  to  find  that  one  of  them  (that  of 
ill  years)  differs  little  from  the  periodic  time  of  Jupiter^  the 
influence  of  this  planet  being  Ukdy  to  be  predominant  on 
account  of  his  large  size  and  rapid  rotatoiy  motion.  Tho 
periodicity  of  the  magnetic  action  of  any  planet  must  clearly 
depend  in  part  on  the  position  of  t]ic  plane  of  its  equator^  the 
gyratory  motion  being  at  a  maximum  in  this  plaiic. 

38.  If  the  preceding  account  of  the  periodicity  ot  the  maxima 
of  solar  spots  be  true,  it  will  be  seen  tn  b*^  a  necessary  conse- 
quence that  the  planetary  gyrations  produce  dislurLanccs  of 
terrestrial  magneiismy  haviug  in  the  long  nin  a  reirular  and 
periodic  character.  The  researches  of  General  Sal>!i:e,  implied  to 
magnetic  observations  taktii  at  various  positions  ou  the  eaith's 
Bui'facc,  have  in  fact  conducted  him  to  the  result  that  magnetic 
storms  are  periodic^  and  led  him  to  assign  to  them  a  period  of 
ten  years.  Considering  that  the  same  planetary  magnetic 
streams  must  operate  on  the  earth  as  on  the  sun^  and  that  the 
sun's  position  is  central  with  respect  to  the  earth's  orbit,  it 
might  have  been  anticipated,  on  theoretical  grounds,  that  a  like 
periodicity  of  effects  would  be  detected^  and  that  the  periods  in 
the  two  cases  would  not  greatly  differ.  Possibl)  the  period  of 
the  magnetic  storms  may  eventually  be  found  to  be  in  some 
degree  variable,  and  the  mean  period  inferred  from  observations 
extended  over  a  longer  iotcrvalj  to  be  somewhat  different  from 
ten  years. 

39.  The  theory,  by  giving  to  extraordinary  mngnetical  di«:tnrb- 
anccs  a  planetary  origin,  accounts  for  th<  ir  oecnrring  simul- 
tancouslv  at  places  on  the  earth's  surface  w  uclv  distant.  l)ut 
the  amounts  of  disturbance  at  the  same  instant  may  dilfer 
greatly  at  different  places,  owing  to  diOerence  of  latitude,  and 
difference  of  position  relative  to  the  magnetic  poles.  Consider- 
ing, however,  the  changes  of  the  configurations  of  the  planets, 
the  amounts  of  disturbance,  regarded  as  functions  of  the  time 
of  day,  may  be  expected  in  the  long  run  to  follow  the  same  law 
.'it  ilifterent  places.  This  is  found  to  be  the  case,  although,  as 
might  have  been  anticipated,  the  local  hours  of  the  maximum 
Talues  are  different. 

40.  The  fact  of  there  being  local  hours  of  maximum  distui  banco, 
in  the  case  of  tlie  planetary  as  in  that  of  tlie  solar  disturbances, 
seems  to  be  referal.^le  to  the  eireun:stance  that  the  disturbances 
of  the  sn])erior  jjlaiiets  will  be  greatest  when  thev  are  in  opposi- 
tion, or  about  midnight,  they  beiiii;  then  least  ilisfant  from  the 
earth, and  the  disturbances  of  the  inierior  planctswill  for  the  same 
reason  be  greatest  when  they  are  in  infci  itn-  eonj unction,  or  about 
uiid'day.    If  tLi;>  explauatioii  be  U  ue,  we  should  expect  to  hud 
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a  set  of  iiiaxiiiia  prevailing  in  hours  of  the  night,  and  another 
set  in  hours  of  the  day,  and  that  the  directions  of  the  deviations 
oi  the  needle  in  the  two  oases  wonid  be  opposite,  the  directions 
of  the  gyratory  streams  of  the  superior  and  inferior  planets 
being  opposite  for  their  positions  of  maximnm  disturbance. 
These  laws  General  Sabine  has- in  fact  detected  by  a  discussion  of 
numerous  observations  taken  at  Kew  and  Hobarton.  (See 
'  Proceedings  of  the  Royal  Society/  vol.  x.  No.  41,  p.  632.) 

41*  The  facta  relating  to  the  movements  of  the  earth's  mag 
netic  poles  do  not  appear  to  be  sufficiently  well  ascertained  to 
allow  of  applying  the  theory  to  explain  ihcm.  Conceive,  for 
the  sake  of  illustration,  that  there  are  two  north  uiagnetic  poles 
at  the  same  distance  from  the  earth's  pole,  and  180"^  from  each 
other,  that  the  currents  converging  to  them  are  of  the  same 
intensity,  and  that  they  have  the  same  uniform  movement  from 
east  to  west.  On  these  suppositions  it  is  evident  that  when  the 
poles  arc  ou  tlie  git  at  ciicle  passing  through  the  pole  of  the 
earth  and  a  given  place,  the  Inclination  is  at  a  maximum,  and 
the  Declination  is  changing  from  east  to  wett  When  they 
have  passed  over  90**  the  Declination  ivill  have  gone  through  a 
western  maximum^  and  be  on  the  point  of  changing  from  west 
to  east,  because  the  needle,  being  equally  acted  upon  by  the  two 
poles  in  the  new  positions,  must  point  exactly  between  them. 
At  the  same  time  the  inclination  will  be  at  a  minimum.  After 
the  poles  have  advanced  90°  further,  the  needle  will  have  gone 
through  a  maximum  eastern  Declination,  and  returned  to  its 
original  position,  and  the  Inclination  will  again  be  at  a  maximum: 
and  so  on.  These  hypothetical  circumstances  are^  pcrliMps^,  not 
so  far  different  from  the  actual  as  to  prevent  our  concluding 
fi*om  them  that  neither  the  direction  nor  the  amount  of  the 
motion  of  the  aiagiu  tie  }j(jle3  can  be  inferred  with  any  certainty 
from  mere  observations  of  "  points  of  convergence  "  of  the 
horizontal  needle — at  any  rate  not  with  so  much  certauity  as 
the  direction  of  the  movement  may  be  inferred  from  the  direc- 
tion in  which  the  Declination  is  changing  when  it  is  passing 
through  aero  at  any  place,  as  London  or  Paris,  if  at  the  same 
time  the  IncHitation  is  near  Us  maximum  at  the  same  place* 
Now  early  observations  at  Paris  show  that  the  Declination  was 
aero  there  about  the  year  1663,  and  was  changing  from  east  to 
west,  and  observations  both  at  Paris  and  London  indicate  a 
constant  diminution  of  Inclination  from  that  date,  while^  accord* 
ing  to  Hansteen's  Isoclinal  lines,  the  Inclination  was  less  in 
IGOO  than  in  17OO.  It  may  therefore  be  inferred  that  a 
maximum  of  Inclination  occurred  between  those  two  e])oehs, 
and  conserpu  ntly,  from  the  above  ni  gninent,  that  the  motion  of 
one  of  the  north  magnetic  poles  is  from  east  to  west.    If  this 


Digitized  by  Google 


106       Prof.  Challlfl  on  a  I%iory  of  Mtignetie  S^ei. 


law  ttliuukl  eventually  be  fuund  to  be  true  of  all  the  magnetic 
poles^  the  theory  will  accouut  for  it  in  this  manner.  The 
north  magnetic  streams  may  be  supposed  to  descend  into  the 
earth  from  heights  at  which  the  gyratory  motion  of  the  lether  it 
aensibly  less  than  at  the  earth'a  amriace^  and  the  aonth  magnetic 
poles  to  issue  from  the  earth  to  heights  at  which  the  same 
circumstance  prevails.  The  streams  being  supposed  to  dradaU 
from  south  to  north  in  courses  distant  from  the  earth's  sorfaoei 
that  diminution  of  the  velocity  of  gyration  will  cause  them  to 
lag  behind  the  earth  in  rotatory  motioDj  and  thus  to  draw  the 
magnetije  poles  westward. 

I  have  now  completed  an  outline  of  a  general  physical  theory, 
of  vvhicli  the  leading  idea  is  thrit  all  quantitative  plivsical  laws 
may  be  niathcinutically  deduced  IVom  a  few  fuiidameutal  facts, 
distinct  conceptions  of  which  may  be  formed  from  sensation  and 
experience.  The  hypothetical  facta  ou  winch  the  theory  rests 
are,  that  all  substances  consist  of  minute  spherical  atoms,  of 
different,  but  constant,  magnitudes,  and  of  the  bamc  intiiusic 
inertia,  and  that  the  dynamical  relations  and  movements  of 
different  substances  are  determined  by  the  motions  and  pres- 
sures  of  a  uniform  elastic  medium  pervading  all  space  not 
occupied  by  atoms,  and  varying  in  pressure  in  proportion  to 
variations  of  its  density.  I  am  well  aware  that  many  of  the 
explanations  I  have  given  of  physical  phenomena  on  these 
hypotheses  are  expressed  in  general  terms,  and  are  too  little 
supported  by  exact  analytical  or  numerical  calculation.  Some 
of  the  explanations,  requiring  a  knowledge  of  tlie  interior  con- 
stitution of  bodies,  could  not  be  conducted  in  an  exact  manner 
in  tlu^  ])rcj?ent  state  of  science.  Still  so  comprehensive  a  theory, 
resiiui^  on  so  few  hypotheses,  could  hardly  fail  of  meeting  with 
contradictions  in  the  attempt  to  explain  facts,  unless  the  hypo- 
theses were  true.  The  number  and  the  variety  of  the  cxplana-  • 
tions  of  physical  phenomena  which  have  been  tii  awii  IVoin  them 
without  the  support  of  symbolical  calculation,  seem  almost  of 
themselves  to  justify  the  conclusion  that  the  ultimate  atoms  of 
bodies  are  really  such  as  they  have  been  assumed  to  be,  and 
that  the  physical  forces  are  modes  of  action  of  a  single  elaatic 
medium. 

But  no  doubt  the  general  theory  and  the  explanations 
derived  from  it  are  not  fully  established  till  they  have  borne 
the  test  of  numerical  verification.  And  here  I  take  occasion  to 
add  that  every  complete  physical  theory  is  necessarily  mathe- 
maticaL  Observation  and  experiment  are  essential  for  furnish- 
ing flirts  both  for  the  foundation  and  for  the  verification  of  a 
theory^  and  may  also  discover  laws  and  relations  of  facts;  but 
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the  theory  ii  not  complete  till  all  laets  sot  fundamental^  and 
idi  lawsj  have  been  referred  by  mathematical  calculation  to 
the  fewest  possible  fundamental  faiieta.  These  principle!  have 
been  admitted  in  physical  astronomy^  and  belong  equally  to 
other  departments  of  physical  science.  Henoe  if  the  hypothesis 
of  the  existence  of  the  eether  as  the  sole  source  of  physical 
power  be  true,  the  mathematical  investigation  of  the  motions  of 
an  o]a«!tic  fluid  brrnme  essentiBl  ;  Hiid  the  new  principles  of  the 
application  of  partial  differential  equations  to  the  determination 
of  fluid  motion,  which  I  have  proposed,  will  have  the  fame 
relation  to  the  future  progress  of  theoretical  nhysics,  as  the  dis- 
covery by  Newton  of  the  j)rinciple8  of  the  application  of  diflfercu- 
tials  in  dynamics  had  to  the  progress  of  physical  astronomy. 
On  account  of  the  important  applications  those  principles  may 
eventualty  reoeive,  I  purpose^  as  soon  as  I  shall  be  ablc^  to  bring 
them  again  under  the  notice  of  mathcmatieianB, 

Cambridge  Observatoiy,  « 
Januaiy  17. 1861, 


XVIL  On  an  Allot/  which  may  he  nspdas  a  Stan  Jar  d  of  Electrical 
Resistance,    By  A.  .Mattiiiessen,  Fh.l}»* 

THE  ezpresflion  of  clectrieal  resistances  in  the  abscdute 
measure  proposed  by  AVcbcrf  is,  and  probably  will 
always  remain,  the  oest ;  hut  its  determination  requires  so  much 
apparatus  and  room,  as  well  aa  so  mueli  skill  in  manipulation, 
that  it  is  placed  beyond  tlic  means  of  most  experimcutcrii. 
I  have  therefore  deemed  it  worth  while  to  test  some  alloys^  to 
gee  whether  I  should  not  be  able  to  hiul  one — 

I.  Wlioae  resistance  will  vemum  the  same,  whether  it  ho  made 
of  absolutely  pure  or  commercially  pure  metals ;  in  other  words, 
that  su4^  an  alloy  may  be  made  by  any  chemist  or  assayer^  and 
its  oondofiting  power  will  always  be  the  same* 

II.  That  its  condueting  power  will  not  he  altered  by  the 
process  of  annealmg. 

III.  That  its  conducting  power  wiU  not  Ysry  mnch  with  an 
increase  or  decrease  of  temperature. 

IV.  That  the  alloy  will  not  alter  by  exposure  to  the  atmo- 
sphere. 

Tlie  p:rrnt  difficulty  in  obtaining  absolutely  pure  Tnetalw, 
together  with  the  fact  that  the  smallest  traces  of  impurity 
materially  increase  the  electrical  resistance  of  most  metals^  pre- 

*  Commumcatcd  by  the  Author, 
t  Pogg*       vol*  boiiL  p.  337. 
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elude  the  use  of  tlieiu  as  staudavds,  and  make  it  desirable  that, 
instead  of  comparing^  as  heretofore,  the  conducting  powers  of 
metals,  alloys,  &c  with  that  of  silver,  copper,  or,  as  has  lately 
been  proposed,  with  mercury*,  they  shonld  in  future  be  com* 
pared  with  an  alloy  having  the  properties  mentioned  aboTe* 

The  alloy  best  adapted  for  a  standard  of  xesbtanoe  for 
galvanic  cnrrents^  is  that  composed  of 

2  parts  by  weight  of  gold  t> 
1    „      „      „  silver; 

for  on  looking  at  the  curve  which  expresses  the  conducting 
powers  of  the  gold-silver  alloys  J,  we  find  part  of  it  almost  at  a 
straight  line ;  that  is  to  say,  to  the  alloy  containing  50  volumes 
per  cent,  of  gold  (which  is  the  middle  point  of  the  straight  line) 
one  or  two  per  cent,  more  or  less  gold  may  be  added  without 
altering  its  conducting  power  to  any  great  extent. 

In  order  to  test  the  first  condition,  I  have  had  the  alloys 
made  in  different  parts  of  the  world ;  and  my  best  thanks  arc 
due  to  those  gentlemen  who  kindly  undertook  the  msking  and 
procuring  of  them.    The  following  order  was  giyen : — 

Take  6  grammes  proof,  or  purest  gold,  and  3  grammes 
proof,  or  purest  si/rrr  ;  fuse  and  rrrsff  three  times  ^,  and  then 
draw  info  wire  o/  about  0  5  mtiltm,  diameter.    The  wire  to  l/e 

luird-didirj}. 

The  alloys  cxpc riincntcd  witli  were: — 

No.  1.  Made  ol  pure  gold  ami  silver  by  Mr.  K,  Sniitli,  in  Prof. 
Percy's  laboratory.  Drawn  by  Messrs.  Watt.-,  and  Son,  of  Kirby 
Street.    These  wires  were  annealed  in  a  red-hot  crucible. 

No.  2.  Made  and  drawn  in  Brussels.  Procured  for  me  by  my 
friend  Mr.  6.  C.  Foster,  through  the  kindness  of  Prof.  Stas. 
Annealed  on  wire*gause  over  a  four  Bunsen  burner. 

No.  3.  Made  and  drawn  in  New  York.  Procured  through  my 
friend  Mr.  C.      Warren.  Annealed  in  the  same  way  as  No.  2. 

No.  4.  Made  and  drawn  in  Paris.  Procured  through  Mr.  S. 
Reuter.  This  wire  came  to  hand  already  annealed ;  therefore  no 
determinations  of  the  hard-drawn  wire  could  be  made. 

•  Siemens,  PhU.  Mag.  (Jan.  1861);  Schroder  von  derKoIk,  Pogg..^«fl. 
vol.  ex.  p.  452.  It  should  be  borne  in  mind  that  the  use  of  this  metal  as 
a  standard  is  open  to  the  following  grave  objection  :  viz.  that  the  copper 
wires  or  plates  dipping  in  the  mercury  will  after  a  time  make  it  iiu» 
pure ;  and  as  traces  of  foreign  matuU  (O'l  or  0*2  per  cent.)  cause  a  deere- 
mmti  tn  the  conducting  power  of  pure  mereury  {lud  a$  titled  Siemens, 
an  inrrcmcvf).  it  would  become  necessary  often  to  change  ii,  thereby 
requiring  a  lurge  supply  of  chemically  pxiro  metal. 

t  Corresponding  nearly  to  equal  volumes  of  gold  and  silver. 

t  Phil,  fnm,  18G0. 

§  It  would  have  been  better  to  have  added, /me  with  a  hUk  boron  and 
siUtpetrt* 
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No.  5.  Made  and  drawn  in  Frankfort.  Procured  throngli  my 
friend  Dr.  Dupr^.  These  wires  were  annealed  on  a  wire-gause 
over  a  Bunsen's  glass-blower's  lamp. 

No.  6.  Made  of  proof-gold  and  silver,  by  Messrs.  Johnson 
and  Matthey>  of  Uatton  Gardenj  and  drawn  by  them.  These 
wu'es  were  annealed  in  the  same  manner  as  No.  2. 

No.  7.  Made  and  drawn  by  myself,  of  proof-gold  and  silver, 
lent  uie  by  Professor  Uofmann.  Annealed  in  the  same  manner 
as  No.  2. 

No.  8.  Made  and  drawn  by  myself^  of  pure  gold  and  silver. 
Annealed  as  No.  2  was. 

In  Table  I.  arc  given  the  values  found  for  conducting  power 
of  the  above  alloys.  They  have  been  compaicd  with  a  hard- 
drawn  silver  wirc^  whose  conducting  power  has  been  taken 
=  100  atO**C. 


Table  I. 

rr  iuced  to  9°  C. 

Temp. 

Annraled. 

Hard-drawQ.  AnoMlML 

No.  1. 

a 

1  vrire   

14-99 

14-5  C. 

15  02 

15-0  C. 

14  Of 

15-0 

14-92 

15*08 

1513 

)tf  4#SA 

14*93 

iH 

14*97 

i5*i 

No.  2. 

14*98 

9-8 

15*02 

100 

9-6 

15  04 

10-4 

15*06 

15*14 

14*96 

9-7 

15*03 

10-2 

No.  3. 

14C0 

16-8 

14-G6 

17*0 

14*70 

16-2 

14*82 

17*4 

14*85 

14*92 

14<€8 

16*5 

14*^4 

^7*2 

No.  4. 

14-94 

60 

1502 

9-8 

..«..« 

15*06 

•  •  • 

14-98 

7-9 

No.  5. 

15*02 

8*5 

15*06 

9*0 

14-99 

9-2 

13-03 

9-8 

15-09 

15*14 

1&*00 

8*8 

15*04 

9*4 

No.  6. 

14-87 

14  8 

14*82 

16  0 

14*79 

17-2 

14*86 

15*0 

14*99 

15-00 

14*8$ 

160 

14*84 

15*5 

No.  7. 

M-94 

140 

14-99 

162 

li  01 

irr2 

14-97 

17-2 

1507 

15*16 

Mean   

14-92 

lit'i 

14-98 

l(j-7 

No.  8. 

14*86 

16*4 

14*92 

18*2 

15*10 

1488 

16*6 

14-90 

17*0 

15*05 

Mmb  

14*87 

17-5 

1491 

17*6 

Moan., 

16*03 

-100  15^8«100-3 
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Callmg  tlic  Diean  of  the  values  at  0^  of  the  liiii  J-dravvu  wires 
100,  we  find  that,  as  Table  U.  shows,  the  differences  between 
the  oondttctiiig  powers  of  tlie  alloys  are  very  smallj  in  iact|  tbat 
the  greatest  is  only  I  G  per  cent. 

Tnl)1e  IL 

No.  of  alloy.         Hard- drawn.   Difference.  Anoedrd.  Difference. 

1   100*3  +  Oa  100-6  +  o*s 

2   100^   -I-   0  2    100*7   +  0-S 

3   08-8   -    1-2    m   -  M 

4   100-2   -  O^l 

5   100  4    +   0-4    100*1   +  0*4 

6   99-7    -    0-3    99-8    -  0'8 

7   100-3    +    0-3    100-8    +  0-5 

8.    100*1    -f   0*1    10O'4   +  0*1 

The  great  concordance  in  the  above  results  is  partially  due  to 
the  wire  drawing  so  very  well.  It  draws  as  well  as,  if  not  better 
than,  any  wire  I  have  as  yet  tried. 

For  the  sake  of  eomparison,  I  will  give  in  Table  III.  the  valaca 
found  by  difierent  eiperimenters  for  the  metals  with  wbich  tbe 
others  are  usually  eompared. 

Table  III. 


Beequeel*. 

Siementt. 

Matthicsaen. 

Hart. 

drawn. 

Annealed. 

H«d. 

drawn. 

Annealed. 

Hard- 
drawn. 

Annealed. 

Silver  ••.«•• 

100-0 

107-0 

100<» 

lOOH) 

108-8 

100-0 

uo-o 

Copper  ... 

95-3 

97-8 

733 

89-7 

05-a 

99-5 

102-0 

Gold   

68-9 

70-0 

58-5 

...... 

780 

800 

Mensmy ... 

1-86 

3-42  it  18°-7 

V72 

1*63  tt  22^*8 

When  no  temperature  is  given>  the  observations  have  been 

made  at  0°  C. 

Part  of  these  differences  may  be  due  to  the  silver,  which  in 
some  cases  may  not  have  been  chemically  pure;  but  if  any  of  the 
others  be  taken  as  unit,  we  do  not  arrive  at  any  better  result. 

Tabic  IV.  shows  the  differences  between  annealed  and  hard- 
drawn  ircsj — the  annealed  being  the  better  conductor,  accord* 
ing  to — 

Table  IV. 


MattliicMen, 
Uokmann  |. 

oar..:i::::::: 

7-0  i)er  cent. 
2*6  per  cent. 
1*6  per  isiiit. 

8-8  per  cent. 
6*1  per  cent. 

10*0  per  cent. 
2-5  per  cent. 
2-6  per  mat. 

•  Ann,  de  Ckim,  et  de  Phys.  vol.  xvii.  (1846),  n.  243. 

t  Po2j».  Ann,  voLixiiT.  p.  418,  Mid  vol.  xlv.  l05. 

;  LQc.cit,  §  PhU.  Traos.  \m 
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The  gold-silver  alloy,  howcrer,  only  varies  0*3  per  cent.,— 
another  reason  why  the  alloy  may  be  drawn  by  anybody,  and 
Btill  have  the  same  conducting  power. 

The  following  experiments  show  the  effect  of  an  inri-r;ise  of 
temperature  on  the  conducting  ])ower  of  this  alloy.  The  details 
of  the  experiments,  together  with  the  ap])arntus  employed^  will 
be  puhlished  shortly  in  a  paper  by  Dr.  von  Bosc  and  myself, 
"  Ou  the  Conducting  Power  of  the  Metalloids,  Metals,  and  Alloys 
at  different  temperatures."  Our  results  at  present  do  not  agree 
with  those  of  ijmdtsen  and  Siemens,  who  state  that  the  resist* 
anoea  of  most  metals  vary  in  direct  ratio  with  the  increase 
of  temperature,  hut  with  those  of  Lens,  who  calculates  the 
eondueting  powers  for  difierent  temperatures  by  the  formula 
X^^-^yi'^zt^,  where  x  is  the  conducting  power  at  0^  C, 
y  and  z  constants.  I  may  also  mention  that  the  metalloids 
conduct  better  on  being  heated,  being  the  reverse  of  that  which 
the  metals  do. 

An  annealed  wire  of  No.  1  alloy  was  heated  in  a  glass  tube 
laced  in  a  water-bath  («),  and  afterwards  heated  in  an  oil- 
ath  (A).  Its  conducting  power  was  determined  at  different 
temperatures;  and  the  values  found  are  given  in  Table  V.  The 
values  found  for  an  annealed  wire  of  Is'o.  5  alloy  (c),  heated  in 
an  oil-bath,  are  also  added. 


Table  V. 


CM 

Conducting 

Conducting 

T. 
0*1 

Cooductiiig 

T.  power. 

T.  power. 
9-l-*14i»54 

power. 
-15*088 

19-5  =  H-854 

30-9  =  H-728 

33-3 

=  14-798 

4 1-3  =  14-626 

53-5  =  14-501 

51-6 

=  14  607 

60-«-14'48l 

71*4  14-825 

73-3 

=  14-391 

827-1 1-219 

95-1  =  14  094 

96-7 

=  14-162 

10()  0=14  052 

69-4  =  11 -3  12 

73-3 

=  14-391 

79-3  =  14-251 

47-9  =  l4-550 

51-4 

=  14-609 

59  1  -.14-453 

30-8  =  14-730 

31-7 

14-811 

39-3 -14-647 

10-5-14-939 

.  10-a 

» 15-039 

17-9  =  14-865 

0-7-16*049 

The  diameter  of  {a)  was  0-539  millim.  and  its  length  683 
millims.,  uud  that  of  (c)  0'915  millim.  and  its  length  987 
millims. 

Taking  the  mean  of  the  two  temperatures  and  conducting 
powers,  and  calculating  (by  the  method  of  least  squares)  the 
probable  values  for  x,  y,  z  for  the  formula  Xsd?+y/+^^,  where 
\=  conducting  power  xKit  degrees,  x  conducting  power  at  0^  C, 
^and  z  constants,  we  find. 
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for  (a)  X  =  irr059-0-O1077/  +  0-O0000722^«, 

[b)  X=  15-05:3  -  0  0 1074  /  +  0' 000007 1 1  /«. 

(c)  X=15*152-0*01098<+0-00000774<*. 

Tabic  VI.  gives  the  mean  of  the  observed  conducting  iK>wer8, 
those  calculated  from  the  above  formubsj  and  their  differences. 

Table  VL 


(».) 

01>«erved 
COJxKictuip 
T.  power. 

Calcutkfed 
coixluctiog  Dtf* 

power. 

! 

Obnffnri'd 
eoiHliicting 
T*  power. 

Calculated 
conductinf  DUTa 

0  6-15  051 
18-7  =  14-860 
40  3=14-637 
59*8=11  412 

8 10-1  1-235 
1000»H052 

15-053-0-002 
14-860  0000 
14-638  >  0-001 
14-441 +0001 

1  n-o'U 

i4-u5i-UUu2 

9-8  =  14-946 
30-8-14-729 
50-7*14-526 

70-4  =  1  1-333 

11-917-0-001 
14-728+0-001 
14-&26  O-OOO 
14-331+0002 

J 


nil  ■■■■■if 

T.  coodttcdng 
power. 

Cdeulmtad 
conducUng  OUT* 
power. 

8-2  =  15-063 
32-5  =1  1  800 

51-5  ^  i-i-nos 

73-3=14-391 
96-7  » 14-162 

15-003  O'OOO 
li-«03- 0-003 
14-608  0-000 
14  •389+0-002 
14-162  0-000 

If  we  now  take  the  conducting  power  at  0°  =  100-3,  bcin^ 
the  mean  of  the  observed  conducting  |)owcrs  (sec  Tabic  II.), 
wc  find 

for       (a)  X=100-3-0  07216  /  +  0  0000484 

lb)  X=  100-3  -0  07196 /  + 0  0000478  /«, 
(c)  X«100  ll-0-0r247  /+0  0000611  f»; 

and  taking  the  mean  of  the  mean  of  a  and  h  (this  being  the  same 
wire)  and  c,  we  find  the  conducting  power  of  the  annealed  wire 
at  different  temperatures 

=  100  3 -0  07226  /  +  0  0O00i96  /«. 

Tlic  next  step  was  to  determine  the  conductino;  powers 
of  hard-drawn  wires  fur  (hfferent  temperatures:  but  liere  we  had 
to  contend  with  great  difHcultics;  for  when  a  hard-drawn  wire 
is  heated  to  100^^  a  d lifere  nt  conducting  power  is  generally 
found  on  cooling;  and  to  obtain  concordant  re:»ults,  it  is  neces- 
sary to  heat  the  wire  several  times  ;  but  when  once  obtained,  the 
values  found  will  remain  the  same,  no  matter  how  often  the  wire 
may  be  heated,  showing  that  the  apparatus  and  method  are  not 
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faulty,  whether  by  letting  the  wire  remain  fof  a  length  of  time 
it  will  gradually  assume  its  ongmal  conducting  power  or  not  is 
8  question  now  under  consideration.  With  annealed  wires  this 
is  also  the  case,  but  in  a  much  less  degree.  Ail  the  above 
wires,  as  well  as  the  following,  were  heated  several  times  before 
concordant  results  were  obtained.  I  cannot  at  present  state 
the  CBilse  of  thia  behaviour;  but  experiments  are  now  being 
made  on  the  aubject  by  Dr.  von  Bose  and  myself. 

Uard*drawn  wires  of  No.  5  (a)  and  No.  3  (b)  alloys  nerc 
heated,  (a)  in  a  gkaa  tube  in  a  water-bath,  (b)  in  an  oil-bath. 
The  values  found  are  given  in  Table  YII. 


Table  YII. 


(«.} 

(*.) 

Conducting 
T.  power. 

Conducting 
T.  power. 

00  =  15075 
»H)- 14*858 
4e-6-.14'605 

76-4=  14-318 
100-0  =  14-094 
71-6  =  14-370 

5 1 -4  =  14-566 
23-8=14-838 
0-0  =  15-075 

9-3-14-870 

35-  6  =  14-608 
50*8  » 14*460 

67-6 -=14-300 
9B1^  14-011 
70  4=1 14-278 
54-4=  14-426 

36-  2=  14-613 
141  =  14-824 

The  diameter  of  {a)  was  0*616  millim.,  and  its  length  876 
inillims;^  and  that  of  (6)  0*561  millim.,  and  its  length  848  millims* 
Takmg,  as  before,  the  mean  of  the  two  temperatnies  and  eon- 
dncting  powers,  and  ealcnlating  the  values  of  y,  z  from  them, 
we  find 

for      (a)  X»15'074-0-01012  i + 0*00000329 

(6)  Xsl4*964*-0  01011  ^+0  00000410  ^. 
Table  VUI.  gives  the  mean  of  the  observed  conducting 
powers,  and  those  calculated  lirom  the  above  formuln^  with  tiieir 
differences. 

Table  VUL 


(«0 

(*.) 

Obwnred 
conducting 
T«  pomr. 

coaductiog 
p0Mf<  AMI 

Obaerred 
cooducting 
T*  pow« 

CalculatPtl 

conducting 
pmMf*  Mi^ 

0-0  =  15*075 
22-3=  14-848 
40-0=  14-586 
74*0=14-344 
100-0-14*094 

1 5  0  74-}- 0-001 
14-850-0  002 
l4-ri86  0-000 
14-343+0-001  1 
14*095-0*001 

ll*7-14-847 

35-4  =  14-610 
52-6-14-443 
69-0=14-287 
98-1-14*011 

14-847    0  000 
14*61 1-0001 
14-443  0-000 
14-286+0-001 
14*011  0*000 
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Taking  the  conducting  power  at  (y«jlOOj  wc  luivc 

for  {a),  X=  100-0  06714/  +  0-0000218  ^« 

(b),  X«100-0'06753/  + 
mean   X= 100-0  06734  f -f- 0-0000246 

which  shows  there  is  a  difference  in  the  co?ulnrting  powers  at 
different  temperatures  between  annealed  and  hard-drawn  wires 
of  this  alloy. 

A  similar  difference  we  Imve  already  found  between  hard- 
drawn  and  annealed  silver  wires. 

Althoagfa  the  values  found  for  x  and  y  do  not  agree  very  wcHI 
mth  each  other^  yet  for  all  pnipofiei  it  will  not  make  much  dif* 
feienoe  which  is  used,  as  they  will  lead  to  the  same  results; 
thuSf  if  we  calculate  the  cobducting  power  for  the  highest  ordi« 
nary  summer  temperatuxe  (in  a  room),  say  30*  Cj  we  find  it  in 
the  one  case  to  be 

98*005,  and  in  the  other  97-099. 

In  Table  IX.,  1  Lave  given  the  differences  in  the  conducting 
powers  of  some  metals  between  0^  and  100°^  taking  the  con- 
tacting power  at  O^slOO. 

Table  IX. 


Silver  

Copper  .•..••••••««.... 

Gold   

Mercury  

The  goM-iilter  illoj. 


2a-i»  per  cent,  (annealed). 
29*0  per  CMt*  (ftitiiMlM)« 
28'0  per  cent,  (annealed). 

B'7  per  cent.  (Siemens). 

6*5  per  cent,  (hard-dnwn). 

6*7  per  Mat  (anMilid). 


From  the  foregoing  Table  it  will  be  seen  how  well  the  alloy  is 
adapted  for  use  as  a  standard  to  compare  the  resistances  of 
other  metals. 

Whilst  making  these  experiments,  I  have  found  that  as  soon 
as  most  of  the  pure  metals  are  alloyed  with  traces  of  any  other^ 
these  differences  rapidly  decrease,  in  fact,  almost  in  the  same 
proportion  as  the  conducting  power  of  the  metals  themselves.  This 
may  explain  why  the  copies  of  "Weber's  standard  vary  so  much 
one  from  another.  For  instance,  I  have  tested  a  commercial 
copper  wife  whose  rondnctbg  power  only  varied  between  CP  an4 
l(Xr.  7  per  cent  (about),  whilst  pure  copper  varies  29  per  cent 
Kow^  suppose  a  wire  of  that  copper  whose  condoeting  power 
fnly  varits  7  per  cent,  between  (r  and  IW  be  compared  with 
one  of  Weber's  standards  at  a  certain  temperatnrc,  and  then  with 
a  pure  copper  wire  at  another  temperature,  say  20^  difference,  it 
h  obvious  that  the  pure  copper  wire  will  not  have  the  same  re- 
sistiince  as  the  original  stnnrlard.  It  has  as  yet  been  generally 
assumed  that  the  conducting  power  of  all  copper  wire,  whethcf 
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pure  or  comiiicrcial,  \  ai  i(  s  with  an  increase  of  tcm]>erature  to  the 
same  degree,  whicli,  however,  is  far  from  true,  aud  should  be 
boroe  ia  miud  when  constructing  a  resistance  thermometer  as 
described  b^  Siemens*.  The  fourth  condition  needs  no  eom« 
ment.  It  is  too  well  known  how  gold-sil?er  alloys  behave  wben 
eipofled  to  the  atmosphere* 

With  regard  to  the  expense^  the  9  grammes  alloy  coet^  drawn 
into  wiie^  about  iSl  4^,,  but  the  gold  in  it  is  always  worth  aboat 
15t. ;  so  that  the  real  expense  is  very  small.  Care  nrast,  of  conrsei 
be  taken  to  prevent  the  alloy  coming  in  contact  with  mercury^ 
whieh  amalgamates  readily  with  all  gold*silver  alloys.  The  beat 
way  to  prevent  any  such  accident  is  to  varnish  the  wires. 

In  having  this  alloy  made,  it  would  be  advisable  always  to 
h:i\  e  t  wo  inade  by  diicrent  parties,  so  as  to  be  sure  no  mistake 
has  (K'curred. 

I  therefore  propo-se  tlmt  all  tho«e  who  study  the  electrical  re- 
sistance of  metals,  should  compart  one  of  their  metals  with  this 
alloy,  calling  its  conducting  power  100  at  O'  (hard-drawn 
wire  of  1  millim.  length  aad  1  inillim.  diaiu.) ;  for  tlieu  we  should 
be  able  to  compare  the  results  obtained  by  different  experimenters 
with  one  another. 

I  am  sorry  that  I  am  not  in  a  position  to  give  the  value  of 
the  absolute  resistance  of  this  alloy  in  terms  of  Weber's  standard; 
for  if  this  be  once  determined,  we  shall,  of  course,  be  able  to 
reproduce  an  alloy  of  known  resistance  in  absolute  measure. 

1  TofringCoa  Street,  January  1861. 

XV  J  n.  Experimental  Researches  on  the  Laws  of  Absorption  of 
Liquids  by  Porous  Substances.    By  Thomas  Tate,  E$tj[, 

[Concluded  from  p.  65,] 

THE  following  experiments  were  made  with  filters  of  larger 
suri'aces. 

Experiment  XXIV. 

ThiH  experiment  was  made  with  u})ward  filtration,  as  in  the 
foregoing  experiment.  The  filter  was  unsized  paper,  presenting 
a  surface  of  j^^jths  of  an  inch  in  contact  with  the  water.  The 
temperature  was  43^  throughout  the  experiment,  other  things 
being  the  same  as  in  the  last  experiment. 

The  velocity  of  ascent  of  the  liquid  in  the  filter-tube  for  the 
first  five  units  was  found  to  be  correctly  represented  by  the 
formula 

Towards  the  close  of  the  experiment,  however^  it  was  obsenred 

*  PhiL  Mag.  Janusiy  1861.  .  . 

1% 


Digitized  by 


116      liir.  T.  'hlbt^BEsepenmaitid  lU$eanhe9  on  th 


that  the  filtering  power  of  the  paper  had  sensibly  decreased ;  but, 
owiug  to  the  rapidity  of  the  process,  the  efl'ect  arisiug  from  this 
cause  ^  had  not  materially  mtofered  with  the  normal  law  of 
filtratton. 

Upon  repeating  the  prooesa,  it  was  fonnd  that  the  velocity  of 
ascent  followed^  for  the  most  part^  the  law  expressed  by  the 
general  equation  (7). 

Hence  it  would  appear  that  the  normal  law  is,  that  the  rate 

of  filtration  varies  directly  as  the  pressure  upon  the  filter,  the 
deviations  from  this  law  Ling  dm  to  the  ch»>ge  which  take. 

place  in  the  molecules  of  the  filter  during  the  process. 

The  following  experiment  shows  that  by  alternating  the  direc- 
Hon  of  the  cnrrcnt  of  filtration,  tlin  original  power  of  the  filter 
may  be  maintained  nearly  unimpaired. 

JBxp€ftrncni  XXV. 

The  filter  in  this  experimeut  was  coke,  presenting  an  interior 
surface  of  half  an  inch  in  contact  with  the  water,  and  an  exterior 
surface  of  about  two  inches^  other  things  being  the  same  m 
the  last  experiment. 

By  upward  filtration,  the  law  of  ascent  of  the  liquid  waa 
aeeoratdy  expressed  by  the  formula 


where  v  is  the  velocity  per  second,  //  hrina*  the  column  of  liquid 
pressure  on  the  filter  expressed  in  xxmU  of  the  graduation  of 
the  tube. 

The  water  thus  filtered  into  the  tube  was  allowed  to  be  dis- 
charged bv  dowmvard  filtration.  In  this  case  the  liquid  followed 
nearly  tlic  same  law  of  descent ;  but  upon  repeating  this  process 
of  downward  filtration,  the  velocity  of  descent  was  found  to  fol- 
low the  law  expressed  by  equation  (7).  Upon  rereraing  the 
directum  of  the  current  of  filtration,  the  law  of  ascent  was  found 

to  be  accurately  expi'essed  by  the  formula  v=r^.   And  so  on 

to  other  alternations. 

Simihur  results  were  obtained  with  wood-charcoal  filters. 

The  following  experiment  was  made  to  determine  the  rate  of 
change  which  takes  place  in  the  filter  during  the  process  of 
filtration  under  a  constant  pressure. 

Experiment  XXVI. 

This  experiment  was  made  with  a  close  coke  filter  about  an 
inch  and  a  quarter  in  depth,  and  prescntiug  three-fourths  of  au 
inch  of  fturlace  in  contact  with  the  water,  which  had  been  care- 
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fully  filtered  fhronjjli  ordinnry  filtornic^-paper.  The  discharge 
was  produced  by  downward  filtration,  the  exterior  portion  of  the 
filter  being  exposed  to  the  air.  The  pressure  on  the  lilter, 
througliout  the  experiment,  was  produced  by  a  column  of  15 
inches  of  the  liquid;  and  the  temperature  was  carefully  main- 
tained at  51°  throughout  the  experiment.  The  successive  inter- 
vals of  time  requisite  for  the  discharge  of  one  cubic  inch  of 
water  were  noted,  and  recorded  in  the  following  Table  of  reaolts* 


SneceMion  of 
cubic  incbea 

n. 

Corresp.  time  in 
minutca  for  esch 

ValneofTlqr  ' 

1st  cub.  in. 

316 

316 

2nd  „ 

4-56 

449 

3rd  „ 

6-36 

637 

4th  „ 

900 

905 

13-50 

12  85 

» 

18-00 

18-94 

7th  „ 

2600 

25!)1 

8th  „ 

3300 

36-80 

Here  the  near  ooincidence  of  the  results  in  the  second  and 
third  colomns  shows  that^  under  a  eonstani  preuure  m  ike  fMer 
(within  certain  limits),  the  tunes  requisite  to  produce  equal  sue* 
eetehfe  qwmiUies  of  discharge  arc  in  geometrical  progression. 

At  or  near  to  the  eighth  cubic  inch  of  water  (Uscharged  the 
progression  seemed  to  have  reached  its  limit;  for  the  time  required 
for  the  dissharge  of  the  succeeding  cubic  inch  was  found  to  ho 
nearly  the  snmc     that  of  the  eighth  cubic  inch. 

The  cxpcnnicnt,  as  above  recorded,  extended  ov  er  a  period  of 
two  hours  nearly,  and  during  that  time  the  rate  oi  iiitration  had 
changed  from  ^^^^th  of  a  cubic  inch  per  minute  to  j^^rd  of  a 

cuhic  inch ;  that  isj  the  rate  of  filtration  had  decreased  eleven 

times  nearly. 

I  offer  no  hypothesis  on  these  remarkable  results,  beyond  the 
www  statement  of  the  fact  that  during  the  process  of  filtration 
ih/\^t'  fit rr^  undergo  a  progres^sivr  molecular  change^  causing  the 
rate  of  filtration  to  decrease  according  to  a  general  law  f.rjyrrssed 
by  (he  formula  Tn-i^ct  ^-l,  where  a  and  ^  are  conaiuuls  for 
each  particular  filter,  and  T„_i  is  the  time  required  to  filter  the 
nth  unit  of  water. 

At  the  close  of  the  foregoing  experiment,  the  water  being  dis- 
charged, the  tuhe  was  filled  with  water  by  vpward  filtration,  and 
then^  this  water  being  allowed  to  discharge  itsdf  by  downward 
filtration,  it  was  found  that  one  cubic  inch  of  water  was  dis- 
diarged  in  16  6  minutes,  showing  that  by  thus  lerersing  the 


Digitized  by  Google 


tl9    .  Mr.  T.  Tate'«^aviieii^a/4e««ar<:to«ii<ib 


direction  of  the  current  of  filtration^  the  filter  had  to  a  consider- 
.  able  extent  regained  its  original  power, 

Pieeisely  similar  results  were  obtained  with  filters  of  wood- 
charcoal  and  unsised  paper* 

.  As  it  is  scarcely  possible  to  obtain  filtersi  especially  of  char- 
coal and  ooke^  of  precisely  the  same  internal  structure,  different 
filterSj  even  of  the  same  substance,  vary  very  much  with  respect 
to  the  value  of  the  ratio  expressing  the  change  in  their  filtering 
power.  The  rate  of  change  of  the  filter  in  the  foregoing  ex- 
periment was  \muBuaIIy  great. 

The  results  recorded  in  Experiment  XXI.  were  no  doubt  to 
some  extent  affected  by  the  pi*ogressivc  deterioration  of  the 
filterin*^  power  of  the  coke ;  but  it  must  be  ol)scr\'ed  that  this 
filter,  having  been  ])reviously  tested,  underwent  an  exceedingly 
small  ehanu:e  during  tlie  process. 

The  following  experiments  were  made  to  deteriaine  the  analogy 
subsisting  between  the  liltratioo  of  liquids  through  porous  sub- 
stances, and  the  discharge  of  liquids  through  small  perforations 
made'in  thin  plates. 

The  results  of  these  experiments  showed  that  the  velocity  of 
dischaige  through  the  orifices  of  {thin  plates  varies  according  to 
a  certain  power  of  the  column  of  liquid  pressure,  that  is,  v  oc  h\ 
where  the  exponent  n  is  eonstant  for  orifices  of  the  same  dia^ 
meter,  but  for  orifices  of  different  diameters  it  varies  between  the 
limits         and  n  =  \. 

For  orifices  less  than  -^ih.  of  an  inch  diameter,  n  =3^  ;  that  is, 
the  velocity  of  discharpre,  in  this  case^  varies  as  the  square  root 
of  the  column  of  liquid  pressure. 

For  orifices  about  pj^th  of  an  inch  diameter,  »  =  that  is, 
the  velocity,  in  this  case,  varies  as  the  depth  of  the  column  of 
liquid  })  res  sure. 

Moreover  it  was  found  that  the  velocity  of  discharge  increases 
in  a  liigli  ratio  with  the  increase  of  temperature,  especially  for 
the  smallest  orifices,  and  also  that  it  varies  with  the  adhesiveucssj 
and  eveuj  in  some  cases,  with  the  chemical  composition  of  the 
liquids. 

Hence  it  would  appear  that  the  laws  of  filtration  are,  in  some 
respects,  analogous  to  the  discharge  of  liauids  through  miuute 
perforations  not  exceeding  y  y  ^tb  of  an  in<m  diameter. 

E^qperimaU  XXVII. 

In  this  experiment  tlie  liquid  was  discharircd  from  a  small 
orifice  ;^jth  of  an  inch  in  diameter,  made  in  a  ihiu  plate  cemented 
the  bottom  of  the  iiiter-tuhe  of  the  foregomg  experiments. 
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'column  of  liquid. 

in  secondB, 
T. 

Value  of  T  by 
fonaula  (9). 

6 

0 

0 

5 

326 

4 

680 

a 

108 

1082 

9 

173 

1790 

1 

218 

218-0 

0 

m 

368-0 

Tlie  fbnank  expressing  the  relation  between  T  and  h  is 

T=868-160A»  (9) 

A* 

 (10) 


Hence  we  £nd 


that  u  to  say,  for  orifices  of  this  diameter^  vdaeiiy  of  discharge 
varie»  direei^  as  the  square  root  of  the  dqfth  of  the  cobmm  of 
liquid. 

In  general  it  has  been  found  that 

  (11) 

JL 

By  integratiDg  the  equation  vss  -^i^  we  find 

T=«-7A'-»  (12) 

whm  yap  - —  .  -. 

1  —  n  e 

Id  formuhc  (D)  and  (10),       J,  €=yV,  and  7=160.  When 

n;=l^  we  find  iroui  cqiiatiuu  (11), 

T=a— 7logA,  (18) 

where  7=s  . 

This  formula  represents  the  law  of  descent  of  the  hqoid  in  the 
fuiiowiug  experiment. 

Experiment  XXVIil. 

In  this  exneriment  the  diameter  of  the  orifice  was  xAnth  of 
an  inch  nearly. 


Depth  of  On 
eohiaw  of  liquid 
A« 

ConwD.  time 

T. 

Value  of  T  b  J 
iBnMib(M). 

6 

0 

0 

5 

40 

40 

4 

00 

8-8 

a 

15-2 

151 

a 

23-6 

23-9 

1 

aa-a 

83*9 
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In  this  em  tbe  fbnirala  exprewing  the  relation  between  T 
and  h  18 

1=38  95*  50  log  A,  (U) 

and 

/.  tJ=  046A;  (15) 

that  isy  the  vdoeiiy  of  dUekmye  variei  Hre^y  at  the  depth  of  the 
d^umn  of  Uqmd. 


XIX.  Chemkal  NoOeee  from  Foreign  Joumakm  By  £.  Awir* 
80V»  PAJ>«,  F.C&f  Teacher  of  Phiftieai  Setenee  m  Cheltenham 
CoUegOn 

[Continiied  from  vd.  xz.  p.  623.} 

M PASTEUR  has  Ibr  a  considerable  length  of  time  beoi 
•  engaged  in  a  research  on  the  nature  of  alcoholic 
fermentation^  a  complete  account  of  which  he  has  published  in 
the  Annates  de  Chimie  et  de  Physique.  Some  of  the  lesnlta 
hare  already  appeared  in  this  Journal  j  but  the  importaDce  of  tbe 
subject  induces  us  to  lay  before  our  i*ea(l»Ts  the  following  brief 
summary  of  the  whole  investigation^  taken  from  the  Repertoire 

de  Chimie. 

According  to  Pasteur,  alcoholic  fermentation  is  the  peculiar 
transformation  which  sugar  experiences  under  the  influencs  of 
beer  yeast ;  the  author  shows  that  glycerine  and  succinic  acid 
are  products  of  the  alcohohc  fermentation^  and  treutsi  ui  their 
estimation  and  separation. 

When  the  fermentation  ia  terminated^  the  fermeiited  liquid  ia 
paased  throngh  a  weighed  filter;  the  increase  in  weight  of  the 
niter  aftea  biong  dried  at  100^,  gives  the  weight  of  the  yeast 
which  baa  collected  at  the  bottom  of  the  vessel.  The  filtered 
liquid  is  then  gradually  evaporated  until  it  ia  reduced  to  a  small 
bulk,  and  the  evaporation  is  terminated  in  vacuo.  This  residue 
is  exhausted  with  a  mixture  of  alcohol  and  rectified  ether,  which 
dissolves  out  succinic  acid  and  glycerine.  This  liquid  is  evapo- 
rated fir^t  on  the  water-bath,  and  then,  water  having  been 
added,  the  evaporation  is  continued  over  a  gentk  llame  in 
order  to  get  rid  of  the  ether.  The  liquid  is  next  exactly 
neutralized  by  nulk  of  lime,  carefully  evaporated,  and  exhausted 
by  a  mixture  of  alcohol  and  ether,  whieh  only  dissolves  the 
glyceiiue.  The  residue,  which  consists  of  impure  succinate  of 
lime,  is  digested  with  alcohol  of  80° ;  this  dissolves  tbe  foreign 
matters  and  leavea  the  succinate  of  lime,  which  is  dried  and 
weighed. 

fnie  alooholie  liquid,  which  containa  glycerine,  ia  alao  evapo- 
nted  in  the  water-bathi  and  finally  m  vaeaot  where  it  must  not 
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remain  more  than  two  or  three  days  ;  for  it  loses  \v(  icht  in  vacuo, 
even  at  tbc  ordinary  teinpeiatuiL',  when  free  from  water.  The 
glycerine  is  then  weighed. 

Using  a  very  small  quantity  of  yeast  to  produce  the  fermenta- 
tion,  Faateur  finds  that  the  weight  of  succinic  acid  obtained 
exceeds  the  total  weight  of  the  aoluble  matters  contained  in  the 
y^st  The  same  is  the  case  with  the  glycerine,  as  compared 
with  that  of  the  yeast. 

Glycerine;  succinic  acid,  alcohol,  and  carbonic  acid  axe  not  the 
only  products  of  fermentation.  The  yeast  asaamilatea  aomething 
from  the  sugar :  in  one  experiment  100  grms.  of  sugar  gave  up 
1  \  grm.  to  the  yoast ;  donbtlpss  the  cellulose  of  the  new  glo- 
bules produced  lu  the  fermentation  forms  part  of  this  increase. 

The  equation 

Qi2      0««2    H«  0«+4  C0«, 

by  which  the  alcoholic  fermentation  was  formerly  expressed, 
does  not  exactly  represent  the  change.  The  quantity  of  car- 
bonic add  formed  ia  less  than  that  required  by  the  equation* 
Hence  a  certain  (quantity  of  sugar  disappears  without  being 
accounted  for. 

Pasteur  assumes  that  this  portion  of  sugar  is  resolved  into 
succuiu  ncid,  p-lyrerine,  and  carbonic  acidj  and  he  represents 
the  change  by  the  equation 

Succinic  acid.  Glycerine. 

Suerinic  acid  and  glycerine  are  constant  and  necessary  products 
of  alcoholic  fermentation. 

Lactic  acid  is  an  aeeidentai  production  of  the  fenuentation. 
Whenever  it  occura  (and  it  i&  very  rare),  the  yeast  must  have 
contained  some  lactic  ferment.  Each  of  the  femients  effects  its 
usual  transfonnaliou,  and  then  the  ici  aicntcd  liquid  contains, 
besides  succinic  acid  and  glycerine,  lactic  acid  and  mannite,  as 
well  as  a  new  aeid. 

In  the  second  part  of  hia  research  the  author  examines  what 
becomes  of  the  yeast  in  the  ferm«itation«  He  shows  that  the 
nitrogen  of  the  yeaat  is  never  changed  into  ammonia  during 
alcoholic  fermentation.  Far  from  forming  ammonia,  that  sub^ 
stance  disappears ;  for  yeast  is  formed  in  a  mixture  of  soger;,  aa 
ammoniacal  salt,  and  phosphates. 

The  globules  of  yeast  are  formed  of  small  vesicles  with  elastic 
sitlcs,  full  of  a  liquid  containing  n  soft  substance  more  or  less  . 
granular  and  vascular.    This  is  usually  near  the  side;  but  in 
proportion  as  the  globule  becomes  older,  it  tends  towards  the 
middle  of  the  cell. 

The  globules  are  reproduced  by  means  of  gemmation,  a^  M*^ 
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Cagniard  Labmr  iliowed.  The  trtoBlaoent  globules  withoul 
gran^lar  eonteDtt  gemmtte  most  rapidly ;  there  eve  more  gra* 
nulations  in  proportion  as  the  globule  is  older,  less  aeti?ej  uid 
less  capable  of  gemmstion. 

Mitseherlich  supposed  these  gbbules  to  burst  and  discharge 
their  granules,  dispersing  seminules  in  the  liquid,  which  inersese 
and  beoome  globules  of  ordinary  yeast  Fasteor  does  not  agtee 
with  this. 

It  has  been  usually  thought  that,  in  the  fermentation  of  solu- 
tion of  su^ar,  the  ferment,  far  from  being  destroyed,  is  developed 
by  gcminntion  ;  a  close  exanim^tion  has  shown  the  author  that, 
in  the  tcniit'iitation  oi  suLrar  iii  the  prcsi  iico  of  albuminous  sub- 
stances, neither  more  nor  less  yeast  is  produced  than  when  the  tei*- 
mentation  takes  place  with  pure  -  iliitutn  of  siiirar. 

lu  ail  cases  of  the  fermentatiou  ut  jjui  c  s  jluuuu  of  sugar,  the 
weight  of  nitrogenous  matter  dissolved  m  the  fermented  hquid, 
added  to  the  weight  of  the  yeast,  perceptibly  exceeds  the  total 
weight  of  the  original  yeast.  The  increase  amounts  from  1*9  to 
1*5  per  cent  of  the  weight  of  the  sugar. 

The  disappearance  of  the  yeast  in  certain  cases  is  merely  ap- 
parent. Less  yeast  is  obtained  than  was  taken  for  fermentation 
because  the  quantity  dissolved  is  greater  than  the  weight  of  the 
new  globules  which  are  formed.  In  thefermc  itr  tion  of  solutions 
of  sugar  containing  albuminous  matters,  about  I  per  cent,  (of 
•  the  sugar)  of  yeast  and  soluble  products  is  formed,  and  therefore 
a  little  less  than  in  working  with  yeast  already  formed,  and  with 
pnrr  sohition  of  sugar. 

iierice  the  result  is  the  .^ame  whether  albuminous  substances 
are  present  or  not ;  the  small  ditl'erence  observed  arises  doubt- 
less from  the  fact  that  the  globules,  formed  in  a  medium  where 
the  nitrogenized  aliment  is  in  excess,  are  more  active,  and  for  the 
same  weight  decompose  more  sugar  than  those  formed  in  a 
medmm  poor  in  mineral  or  nitrogenized  aliments. 

Hence  yeaat^  placed  in  solution  of  sugar,  lives  at  the  expense 
of  the  sugar  and  of  its  nitrogenous  matter^  which  is  diiac^red  or 
which  becomes  soluble  from  the  changes  taking  place  during 
fbrmentation  between  the  principles  whidi  it  contains.  FermeOr 
tations  which  take  place  in  the  presence  of  ezeess  of  sugar  ara 
virtually  of  indefinite  duration.  This  is  readily  conceived,  for 
there  is  no  destruction  of  nitrogeniaed  matter;  only  displace- 
ments or  modifications  of  this  siumtanee  oeenr;  and  it  remains 
in  the  complex  state  in  which  we  are  accustomed  to  meet  with  it 
in  these  produetsi.  The  soluble  part  of  the  nitrogenous  matter 
becomes  partially  fixed  in  the  globules  m  an  insoluble  state. 
But  the  power  of  orgauizatiiui  wiiich  these  globules  possess  ia 
sueh  that  the  old  globules  can  yield  their  nitrogemxed  matter .  in 
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the  polable  state  to  serve  as  food  for  the  recent  globules ;  |Uid 
thu^  this  iVriJientatioii  contiuues  for  a  longtime. 

The  nitrogen  of  the  yeast  diminishes  during  lerineiitation  from 
two  reasons  : — first,  because  the  yeast  increases  in  weight  during 
fermentiition  by  aasiuiiiatiug  the  elements  of  sugar,  which  con- 
tains no  nitrogen ;  secondly,  in  consequence  of  the  i^olubility  of 
Mftain  nitrogeiuEed  principles  of  the  yeast. 

In  aU  aloimoUe  fermentation,  part  of  the  engar  becomes  fixed 
on  the  yeaat  in  the  form  of  cellulose.  When  Iheyeast  it  formed 
in  a  medium  consisting  of  pure  sugar^  of  phosphates^  and  of  ai| 
ammoniacal  salt^  it  is  elear  that  the  o^lulose  is  formed  from  the 
elements  of  the  sugar,  and  that  the  ammonia  combines  with 
another  part  of  the  sugar  to  form  the  soluble  and  ioaolubldalbii- 
jninous  matters  in  the  globules. 

Are  the  phenomena  analogous  in  the  case  in  which  sugar 
ferments  in  the  presence  nf  albuminous  substances  ?  Experi- 
iiipnt  proves  that  tliere  is  more  celhdose  in  the  yeast  after  than 
betoie  the  lernientation  ;  m  that  it  is  very  probable,  if  not  certain, 
that  all  the  eellulose  of  the  yeast-^lobules  is  loniied  from  the 
elements  of  sugar.  But,  bcsidt-s  the  formation  of  cellulose,  a  per- 
ceptible quantity  of  sugar  doul)tlcss  becomes  assimilated  by  the 
yeast;  for  the  weight  of  the  yeuit  taken,  added  to  the  weight 
of  the  cellulose  fixed  during  fermentation,  does  not  equal  the 
total  weight  of  the  yeast  and  of  its  soluble  purt^  such  as  is  found 
when  the  formentation  is  terminated. 

The  weight  of  the  ceUnlose  increases  considerably  during  fer- 
mentation, which  furnishes  a  further  proof  of  the  vitality  of  the 
yeast  during  this  act. 

In  every  alcoholic  fermentation,  part  of  the  augar  becomes 
assimilated  to  the  yeast  in  the  form  of  fatty  matter.  If  solution 
of  pure  sugar  be  mixed  with  an  aqueous  extract  of  yeast  which 
has  been  repeatedly  extracted  by  alcohol  and  ether,  and  also  with 
an  imponderable  weight  of  frc&h  globules,  a  few  grammes  of 
yeast  are  ohtfiined  eontaining  one  to  two  per  cent,  of  its  weight  of 
fatty  bodies,  which  are  readily  sa])onitiable,  forming  cry stalhaable 
fatty  acids.  This  fat  is  formed  from  the  elements  of  sugar;  for 
yeast  prepared  in  a  mixture  of  water,  sugar,  ammonia,  and  phos« 
phates  also  forms  fatty  matter. 

Permanent  Vitality  of  Yeast. — hen  yeast  is  mixed  with  a 
proportionally  small  quantity  of  sugar,  after  the  latter  has  been 
decomposed,  the  aetivitv  of  the  yeast  continues,  but  is  turned 
npon  its  own  tisanes  with  an  extraordinary  energy  and  rapidity ; 
%  weight  of  aleahd  and  carbonic  acid  is  thus  obtained,  exceeding 
that  which  the  sugar  could  yield.  Under  these  eooditiona  th^ 
following  facts  are  observed:— 

Ist.  The  actioii  0f  the  yeast  ia  nt  fint  fonrtid  on  the  auger. 
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2nd.  The  yeast  reacts  on  itself  when  the  sugar  has  been  com- 
pletely destroyed. 

3rd.  The  effect  produced  by  tlie  yeast  on  itself  is  not  pro- 
portional to  the  weight  oi  the  yeast. 

The  author  assumes  that  the  globules  formed  by  the  fermen* 
tatioD  of  the  sugar  cannot  attam  their  complete  development  for 
want  of  toffieieiit  sugar^  and  that  the  young  globolea  needing 
this  noorishment  live  at  the  expense  of  the  parent  globnles, — 
which  prodooes  a  secondary  fennentation^  or  the  yeast  destroya 
itself* 

Lastly^  M.  Pasteur  speaks  of  the  application  of  some  of  the 
results  to  the  composition  of  fermented  liquors. 

Since  glycerine  and  succinic  acid  are  constant  products  of 
the  alcoholic  fermentation^  they  ought  to  be  found  in  winCj 
beer,  dder^  &c  This  the  author  haa  already  shown  to  be  the 
case. 

lie  terminates  bis  memoir  by  the  follnwinir  passage,  contain- 
ing the  lundamental  conclusion  which  lie  draws  from  bis  im- 
portant researches: — *'As  to  the  interpretation  of  the  whole  of 
the  new  facts  which  I  have  met  with  in  my  rcaearchcs,  I  think 
that  wlioever  considers  them  impartially  will  see  that  fermentation 
is  a  correlative  act  of  life,  and  of  the  organization  of  globules, 
and  not  of  death  or  the  putrefaction  of  these  globulea;  still  less 
does  it  appear  to  be  a  phenomenon  of  contact,  where  the  trans- 
formation of  sugar  proceeds  in  the  presence  of  the  ferment  with* 
out  yielding  anything  to  it,  or  taking  anything  from  it" 

Kelnil^  has  described*  a  mode  of  preparing  the  brominated 
derivatives  of  succinic  add,  which  is  simpler  than  the  methods 

hitherto  employed. 

To  obtain  bibromosuccinic  acid,  G*H^Br*0*,  he  heats  in 
sealed  tubes  (at  150° — 180°)  twelve  parts  of  succinic  acid  with 
thirty-three  parts  of  bromine  and  twelve  parts  of  water.  After 
the  reaction  is  complete,  the  whole  mass  is  ebanged  into  small 
greyish  crystals,  and  on  opening  the  tube  a  large  quantity  of 
hydrobromic  acid  escapes.  Tlie  erystals  are  j)uriiied  by  washing 
with  cold  water,  solution  in  boilmg  water,  and  treatment  with 
animal  charcoal.  Bibroiiuji!Uccinie  aeid  is  formed  in  all  cases  in 
which  a  small  quantity  of  water  is  taken,  even  when  the  propor- 
tion of  bromine  is  such  as  to  form  monobromosuccinic  acid. 

Monobromosnccinic  add,  €*H^BrO^  is  obtained  by  heating 
succinic  add  with  bromine  and  with  a  larger  quantity  of  water* 
It  is  purified  in  a  similar, manner,  but,  being  more  soluble,  it 
crystfulixea  less  easily. 
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Butlerow*  has  investigated  tlie  action  of  anuiiouiacal  eras  on 
dioxymethylenet :  these  substances  act  on  each  other  with  gieat 
eneL'gyi  and  the  mixture  becomes  ultimately  converted  into  a 
magma  of  granular  crfstaU^  whicli,  when  purified^  present  the 
appearance  of  colourless^  transparent,  lostrous  rhombohedra« 
l%is  body  can  be  sublimed  when  neated  slowly.  It  has  distinctly 
basic  properties;  it  forms  with  hydrochloric  acid  a  compound 
which  crystallizes  in  long  prismatic  needles.  The  composition 
of  the  base  is         N^  and  ito  hydiochlorate  is         N«  UGl. 

2(G  H^)  N1 

He  considers  that  it  has  the  rational  formula  *2  {Q  H^)  N  de« 

2(0  II«)NJ 

rived  from  tlic  type  NTP,  in  u  liidi  three  atoms  of  hydrogen  are 
replaced  by  tlncc  atouis  ot  dimcthyieuammonium.  He  names 
it  hexamethyk'nauiiji'  .  Fts  nearest  congener  is  Debuses  giycosinc. 
Like  that  body,  liutlciow's  new  base  is  formed  Mrith  ehmina* 
tion  of  water^  according  to  the  equation 

3    H  ^  9«  H- 4  N  H  3 = 4,^  H » «  N  4  +  6  H  2  O . 

Butlerow  has  also  found  that  diacetate  of  methylglycol,  when 
heated  with  an  excess  of  water  in  a  sealed  tube^  is  converted  into 
dioiqrQ^^^yl^iic  and  free  acetic  acid. 

The  amalgam  of  sodium  and  mercury,  obtamed  by  adding 
sodium  in  small  quantities  to  mercury,  is  very  convenient  for 
applying  sodium  in  many  reactions;  in  most  cases  it  simply  acts 

by  dividing  the  sodium  and  increasing  its  surface. 

Lowig  and  ScholzJ  have  investigated  the  action  of  this  amal- 
gam on  a  mixture  of  sulphide  of  carbon  and  iodide  of  ethyle. 
A  very  brisk  reaction  took  place,  and  the  vessel  in  which  it  was 

efTcctcd  required  cooling ;  the  product  was  then  treated  with 
etlier,  which  dissolved  out  a  new  bodv,  as  well  as  the  excess  of 
iodide  of  ethyle  and  bisulphide  of  carbon.  The  eiherial  solution, 
mixed  with  water,  was  distilled  in  the  water-bath  to  drive  oflf  the 
ether,  the  excess  of  iodide  of  ethyle,  and  of  the  bisulphide  of 
carbon ;  oa  cooling,  the  n(!w  body  collected  under  water  m  the 
form  of  a  yellow  oil  with  a  ])enetratiH^  alliaceous  odour.  When 
this  was  fractionally  distilled,  it  was  found  to  consist  principally 
of  mercaptan,  and  of  a  new  body  which  boiled  at  188^,  the  ana* 
lysis  of  which  led  to  the  composition  C^H^S^.  It  is  formed 
thus : — 

C » IP  1  +       +  2  Na = H*  SH  Na  I  +  Na  S. 
It  is  a  sulphur-yellow  liquid,  very  fluid,  and  highly  refracting. 

*  BuOOai  <le  la  Soeiit^  Ckimique,  p.  221. 
t  Phil.  Ma;;,  vol.  xviii.  p.  287. 

t  JoMTtMlfm'  Prukt,  Cktmie,  vol*  hiii.  p.  44L 
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Itsdendtjisl'OlSlat  15^.  Itbasamydisagiteableodaur;  it  is 
insoluble  in  wtXetg  but  soluble  in  aloobol,  etner,  and  sulpbide  of 
earbon.  Nitrie  acid  attacks  it  viokntly,  as  also  do  chlorine^  bro- 
minc;  and  hypochlorite  of  lime.  Its  alcobotic  solution^  mixed 
with  an  alcoholic  solution  of  bichloride  of  mereury,  gives  a  wbite 
precipitate  which  dissolves  in  hot  alcohol.  It  consists  of  tbenew 
txidy  combined  witb  ,6  equivalents  of  biebloride  of  mercury. 

Lowig*  has  exarniucd  the  action  of  sodium  on  oxalic  ether.  Tn 
the  presence  of  water,  sodiuni  acts  ou  oxalic  ether,  liberatniu' 
carbonic  oxide  and  forDiine:  carbonic  ether.  The  mass  but  omes 
coloured^  and  a  new  acid  is  formed  which  the  author  calls  myrioic 
acid. 

Witli  a  pulverized  sodium  amalgam  the  action  is  quite  differ- 
ent ;  oxalate  of  soda  is  deposited,  only  a  few  bubbles  of  carbonic 
oxide  are  disengaged^  and  not  a  trace  of  carbonic  ether  is  formed. 
Treated  witb  water,  a  colourless  solution  is  farmed^  wbich^  agi- 
tated with  ether,  gives  up  a  neutral  body  of  a  bitter  taste,  which, 
on  evaporation  of  the  etner,  is -left  as  a  syrupy  colourless  liquid. 
In  two  or  three  days  this  deposits  beantifol  white  crystals,  which 
have  the  crude  fonnula  C*H'0". 

Neither  baryta  water  nor  subacetate  of  lead  act  in  the  cold  on 
the  aqueous  solution  of  these  crystals ;  but  on  the  application  of 
beat,  a  white  pieeipitate  ia  formed  which  contains  no  oxalie  acid. 

Graham  showed  hu^x  ago  that  phosphurcttcd  hydrogen,  which 
is  not  spontaneously  intiummable,  is  made  so  by  admixture  with 
a  very  6iuall  quantity  of  nitrons  acid.  lintnlolt  dcscribcst  a  con- 
venient mode  of  performing  tliis  expcriuient.  Phosphureittd 
hydrogen,  which  is  not  spontaneously  inflammable,  is  generated 
bv  heating  phosphorus  with  concentrated  soda  lye,  to  whieh 
about  double  its  volume  of  slcohol  has  been  added^  and  is  passed 
through  some  nitric  acid  placed  in  a  porcelsin  dish.  If  the  nitric 
acid  is  about  1*34,  snd  has  been  previously  freed  from  hyponi* 
trie  acid  by  boiling,  the  bubbles  of  gas  burst  without  inflaming. 
But  if  now  a  few  drops  of  faming  nitric  acid  be  added,  etuai 
bubble  takes  fire,  forming  the  usual  rings.  The  spontaneous 
inflammability  is  again  destroyed  by  an  excess  of  hyponitric  acid, 
for  then  the  phosphuretted  hydrogen  is  destroyed  in  the  hquid. 
Tho  liyponitric  acid  doubtless  causes  the  formation  of  a  small 
quantity  of  the  spontaneously  inflammable  Hquid  compound 
PIP.  At  the  same  tiuic  the  nitric  acid  plays  some  part;  for 
water  to  which  hyponitric  acid  has  been  added  produces  no 
such  effect. 

•  Journal  fur  Prakt.  Chemie,  vol.  Ixxix.  p.  463, 
.  t  I^ehig's  AanaUn,  r^ovember  18G0. 
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XX.  Note  on  the  xwmbers  of  l^Qmo\\\Xl  and  Euler,  and  a  netif 
'  Theorem  conceruing  Prime  Numbers.    Bij  .).  J.  Sylvesier, 

M.A.f  F.R.S.,  Professor  of  MatheinaUcs  ai  ihe  Ho ijal  Academy , 

Woolwich*. 

J^OLLOWING  the  accepted  conUnenial  notation^  I  denote  by 
B^t  tbe  positive  value  of  the  oocfflcieiit  «f     in  j-;^ 

multiplied  by  the  continual  product  1.2.3  . .  .n. 

The  law  which  governs  the  fractional  part  of  B„  was  first 
given  in  Schumacher's  Nachrichten,  by  Thomas  Chuiscn  in  1840; 
and  almost  i,uimediately  ai'tervvards  a  dcnionstratiou  was  furnished 
by  Professor  Standi  in  Grelle's  Joamal,  witli  a  reclamation  of 
priority,  supported  by  a  statement  of  bis  having  many  years  pre- . 
viouflly  communicated  the  theorem  to  Gauss. 

The  law  is  this^  that  the  positive  or  negative  fractional  tendue 
of  Bm  (according  as  n  is  odd  or  even)  is  made  up  of  the  simple 
sum  of  the  rceiproesls  of  all  the  prime  numbers  which,  respect- 
ively diminished  by  unity,  arc  eontalned  in  2ii«  The  proof^  which 
is  of  an  inductive  kind,  is  virtually  as  follows :  Suppose  the  law 
holds  good  up  to  (n^l)  indusive;  if  we  expand  ^  (or)^  under  the 

form  -3— we  shall  evidently  obtain  -*-^±B«  under  the 

form  of  a  finite  series,  of  which  the  terms  arc  numerical  mul- 
tiples of  the  products  of  powers  of  x  by  the  Bemoullian  num« 
hers  of  an  order  inferier  to  the  nth.  If,  now,  we  make  r  equal 
to  the  product  of  aD  the  primes  which,  diminished  by  unity,  are 
contained  in  it  will  at  once  be  seen  (on  inspection  of  the 
series)  that  aR  its  terms  become  integer  numbers,  and  con* 

sequenUy       ±B|»  becomes  an  integer  j  and  therefore  the  law 

will  hold  good  up  to  n,  since  it  may  easOy  be  shown,  by  an 
application  of  Fermat's  theorem  and  elementary  arithmetical 
considerations,  that  if  N  be  the  product  of  any  prime  nnmbers 
whatever,  and  if  |»  is  the  general  name  of  such  of  them  aa  dimi^ 

nishcd  by  unity  are  factors  of  /*,  then  integer. 

Hence,  since  the  law  holds  good  for  n=  1,  it  is  universally  true. 
*■  Gommumcated  by  the  Autbor. 

t  Were  it  not  for  the  general  usage  being  sa  stated  in  the  test,  I  cer- 
tainly think  it  would  be  far  more  eonvenient  to  use  a  notation  agreeing 
with  the  coniiueutai  inelhoil  as  to  sign,  and  nearly,  but  not  quite,  with 
Ur.  DeMorgan't  at  to  qaanlity,  tis.  to  understend  by  Bn  the  coeffieientof 

^     ¥  f4_  I  taken  positiTely,  so  that  B»  should  be  equal  to  zero  for  ail 

the  odd  vahne  ef  %  not  flMspHiV 
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This  theorem,  then,  of  Stauclt  and  Clausen,  inter  alia,  irives  a 
rule  for  determining  what  pnuies  alone  eater  into  the  Jeuo- 
minators  of  the  Bernoullian  numbers  when  expressed  as  frac- 
tioiM  in  thdr  lowest  terms;  it  enables  us  to  affirm  tint  only 
simple  powers  of  primes  enter  mto  those  denominators,  and  to 
know  a  prion  what  those  prime  factors  are.  This  note  is 
intended  to  supply  a  law  concerning  the  mmurotm  of  the  Ber- 
noullian numbers,  which  I  have  not  seen  stated  anywhere,  and 
which  admits  of  an  instantaneous  demonstration,  to  wit,  that  the 
whole  of  fi  will  appear  in  the  numerator  of  Bm,  save  and  except 
such  primes,  or  the  powers  of  sueh  primes,  as  we  know  by  the 
Staudt-Clausen  law  must  appear  in  the  denominator. 

T  am  inclined  to  believe  that  this  Inw  of  niiiin  was  notknowTi, 
at  all  events,  in  1840,  from  the  circumstance  tiiat  in  Rothe's 
Table,  published  by  Ohm  in  Crcllc's  Journal  in  that  year,  which 
gives  the  values  of  B^up  to  «=31,  the  numerators  are,  with  one 
exception  (about  to  be  named),  all  exhibited  in  such  a  form  as 
to  show  such  low  factors  as  readily  offer  themselves,  but  for  B^j 
the  fact  oi"  the  divisibility  of  the  numerator  by  23  is  not  in- 
dicated. This  numerator  is  596451111593912163277961, 
which  in  facts23x259d2657025822267968CK)7.  It  is  obvious, 
indeed,  under  my  law,  that  whenever  ^  is  a  prime  number  other 
than  2  and  3,  the  numerator  of  must  contain  p,  because  in 
such  case  p— >!  cannot  be  a  factor  m2p.  When  pssZ  atp^ft, 
9  always  contains  (u— 1),  so  that  2  and  3  are  necessarily  con- 
stant fiustors  of  the  Bernoullian  denominators,  and  can  there- 
fore never  appear  in  the  numeraton«  In  Schumacher  the  law  of 
the  denominator  is  given  as  a  passing  "  (or  chance  ?)  *'  speci- 
men "  of  a  promised  memoir  by  Clausen  on  the  Bernoullian 
numbers,  which  I  shall  feel  obliired  if  any  of  the  readers  of  this 
Magazine  will  inform  me  whether  anywlu  re,  and  if  so,  where  it 
has  appeared.  Now  for  my  demonstration  of  the  law  ot  the  uu« 
merators. 

By  definition,  B»»n(2fi)  x  coefficient  of  I**"*  In  -p^.  Let 
/JL  be  any  integer  number;  then  l)B,»=n(2n)  x  coeflS- 

dent  of       in   ,  or  in 

or  in 

But  obviously,  by  MadaurinV  theorem,  the  coefficient  of  /^""^  in 
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ihfi  expantbn  of  this  last  generatuig  foaetkm  will  be  of  tbe  form 
±  ji^€^^  I  j '  j|^M=a«        I  is  an  integer^  and  therefore  B,»  will 

2iil 

be  of  tlie  form  — rr» 

Sappoae now,  when         .  «n_i\     wduced  to  ita  lowest 

terms,  that/?  (a  prime  contained  in  2»)  docs  not  appear  in  the 
numerator,  this  can  only  happen  by  virtue  of />  being  contained 
m  '"'(/A*^"—  1);  let  now  fi  bi'  t^iken  succe3sivcly2,3;4, .  ..(/u. —  1), 
then/u.^"^l  m  all  these  ca:scs  is  divisible  hy  p  j  and  therefore, 
by  an  obvious  inverse  of  Fermaf  s  theorem,  {p^  1)  mast  be  con- 
tained in  2n,  i.  e.  o  most  be  a  factor  of  the  denominator  of 
under  the  StanduGlaosen  law,  which  proves  my  theorem* 

As  a  corollary  to  the  foregoing,  using  Herschel's  transforma- 
tion,  we  see  that  if  ^  be  taken  any  integer  whatever, 

2n  (l4-Ar'-t-2(l-f-Ar-»+.„4.(^~l)^^ 
2^    A-«  +  mA''-»+M^A''-»+...+;*^ 


^a''-»+mA**-'+/*^a^-^+...+/*^a+/**' 

and  if  we  write  O''*"'"*  instead  of  0^**,  the  result  vanishes.  For 
the  case  of  /u.  =  2,  this  theorem  accords  with  one  well  known. 
As  this  subject  is  so  intimately  related  to  that  of  the  Hcrschcli;in 
differences  of  zero,  I  may  take  this  occasion  of  stating  a  proposi- 
tion concerning  the  latter,  which  (simple  as  it  is)  appears  to  have 

escaped  observation,  vis,  that      —  is  in  fact  the  eipressioii 

n(r) 

for  the  sum  of  the  homogeneous  products  of  the  natural  niun* 
hers  from  1  to     taken  n  and  n  together.  For 

 J  

(«^n)(a?— 11+ 1).  •  1)« 

Iri 

Hence  obviously 

^{»--r(i-l)«+r .       (r-2)"  T  fce. } , 
PUL  Mag.  8. 4.  Vol.  21.  No,  188  m.  1861.  K 
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=  coemcient  of  -r-i  in 


n(r)  a— (ar-ii)(«-i»+l)...(ap-I) 

Bs  the  sum  of  the  (n— r)ary  homogeneous  products 
Ij  2j  3| . .  •  I*. 

ThuBj  tben^  we  are  able  to  affirm^  from  what  is  knovvu  couceruing 
ZL^ —  (see  Flrof.  Be  Morgan's  Calculus),  that  ther-ary  liomoge> 

neous  product-sum  of  1,2,  3  .  . .  n  (which  is  of  the  degree  2r 
in  n)  sdways  contains  the  algebraic  factor  fi(»H~  1)  • . .  (n+r). 

Aidaiiiam, — Sinoe  sending  the  above  to  i»ress,  I  bave  given 
some  further  and  suocessM  thought  to  the  Staudt-Clausen 
theorem.  Staudt'a  demonstration  labours  under  the  twofold 
delect  of  iudirectness  and  of  presupposing  a  knowledge  of  the  law 
to  be  established.  In  it  the  BemouUian  numbers  are  not  made 
the  subject  of  a  direct  contemplation^  but  are  regarded  through 
the  meoium  of  an  alien  function,  one  out  of  an  infinite  number, 
in  which  they  art  as  it  were  latently  embodied  ;  and  thr  proof, 
like  all  other  inductive  ones,  whilst  it  convinces  the  judgment, 
leaves  the  philosophic  faculty  unsatisfied,  inasmuch  as  it  fails  to 
disclose  the  reason  (the  title,  so  to  my,  to  existence)  of  the  tinith 
which  it  establishes.  I  present  below  an  minudiate  and  a  tlirect 
proof  of  this  beautiful  and  important  pruposUioii,  founded  upou 
the  same  principle  as  gives  tlie  law  of  the  necessary  factor  in  the 
numerators  (viz.  the  arbitrary  decomposition  of  the  generating 
function  of  Bernoulli's  numbers  into  partial  firactions)^  and  rest- 
ing upon  a  sim]^e  but  important  conception^  that  of  rekUm  as 
distingttiahed  from  absolute  integers. 

I  generahse  this  notion^  and  define  a  quantity  to  be  an  integer 
relative  to  r  (or,  for  brevity's  sake,  to  be  an  integer)  when  it 
may  be  represented  by  a  fraction  of  which  the  dwwioinatnr 
doc^  not  contain  r. 

The  lemma*  upon  which  my  demonstration  rests  is  the  fol- 


*  This  lemma  is  the  eoiiTene  of  a  self-evident  fact,  and  it  virtually 

"bo(hes  a  ])rinci|)le  resjx-rting  an  luitliraetical  fraction  strikinply  rtnn!ogou9 
to  a  familiar  otic  respecting  an  ni^elnaical  one;  viz.  in  the  uamc  way  us  a 
rational  algebraical  fuuctiou  of  x  cau  be  expressed  in  one,  and  only  one,  way 
as  an  integral  fnnctioQ  aujrmcnted  by  a  sum  of  negative  powers  of  luiMr 

fnnctious  of  x,  so  a  rational  arithmetical  qnantity  can  be  expressed  in  one, 
and  only  one,  way  n>  an  integer  angmente<l  by  the  snm  of  negative  powers 
of  simple  prime  numbers  multiplied  respectively  by  number:}  less  tiiau  such 

e 

primes.   In  drawing  this  iiaraUel,  the  arithmetieal  qnaatitj  ^  wbera 

e<:jp,ii  regarded  as  the  analogue  of  tbe  algebraical  one  - — ~rr:t. 
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lowing,  whieh  is  itadf  an  imrnediate  ooiollaiy  from  the  arith- 
metical theorem  that  if  a,b,e, I,  with  or  without  repetitiona, 
are  the  distinct  prime  factors  of  the  denominator  of  a  fraction, 
the  fraetion  itself  may  be  resolved  into  the  sum  of  simple  £me- 
tions, 

ABC,  L 

(itself  ji  diicct  infcrciue  from  the  familiar  theorem  that  if 
j>,  q  he  iiuy  two  iclatuc  primes,  the  equation  px—qy^c  is 
soluble  in  integers  for  all  values  of  c).  The  lemma  in  question 
is  as  follows:  If  the  quantity  above  deacribed  is  representable 
under  the  several  forms, 

^+  an  {a^)  integer     +  a  {b^)  integer        +  a (A*^)  integer, 
then  it  is  equal  to 

«M!Mlf  mleger. 

From  what  has  been  already  shown,  it  is  obvious  Aat  being 
any  prime  number,  the  highest  power  of  which  cm  enter  into 
the  nenominator  of  (^'— 1)B»  is  /a^**,  and  consequently  /bi*'B  is 
an  integer  relative  to  fi.  Also  it  is  clear  that  only  those  values 
of  fi  can  appear  in  the  denominator  of  B„  which,  diminiahed  by 
unity,  are  &etors  of  ^  We  have^  moreover, 

(-)•■  V-l)B.=n(2n)  X  coefficient  of        in  -g^  -  -j^, 

I.  e,  coefficient  of  t^~^  in     — »  where 

N«n{2»i)(<^-«'+e<^-^+ ...  +«'-0»-l)) 


at  It  quite  propflv.  tut  both  of  tbeni  sn  fractions  in  their  aimpM  ftrai% 
whieh  would  not  be  the  cuefor  the  former  wtne  eqnal  to  or  greater  than  ^« 


tbioe  in  •nch  eaie  ^  could  be  more  simply  expressed  ante  tiia  form 

This  piindple  amoouts  to  in  afinnation  that  Hie  cquatMin  in  podtiTa 

integers, 

[b...  ki)jL-\-{ab  . . .  /)y-f  . . .  4-(oi  . . .  k)t-{ab  . . .  A7)m=N, 

where  a,b, .  .k^l  wre  reUitive  primes,  and  N'<(o6 . . .  kl),  uiwaj^  s  admits  of  a 
■ohitioQ»  wliwb  may  be  termed  tbe  primitive  one,  and  wlrieli  will  be  unique, 
tint  nsmety  tn  wbieb  m,ff,*,,g,t  me  respeeCively  les«  than    6, . . A, K 
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where  obviously  y^,  Vg, . . .  v.j,„  arc  all  integers,  and  the  lust  of  iLieiu 

Sappaae  now  that  2n  ooatains  (ft—  1),  thea  by  Fermat's  theorem 

I'l.^O*— 1)  [mod  fi],, 

Atruiii,  a  very  slight  consideration*  will  serve  to  show  that  whea 
fj.  ib  aiiy  prime  other  than  2,  c**'— 1  is  of  the  form 

where        •  •  •       are  all  integers  relative  to  fA,   Now  suppose 

then  by  multiplication  and  comparison  of  coefficients  we  obUiu 
the  identities  following : 

9o-yi9  9i+f^A='y»  ft+MA+/*ffoSg=y8,... 

obviously  therefore  9i«.|SSfftX  (an  integer  relative  to /it) 
Hence  y 
(^l)"B||s(8n  integer  rektiveto/t) — — 

s(an  integer  relative  to  /i)  + 

^  For  /I  bong  a  prime  nnmber  greater  thin  2,  if  we  pat  ff^Ctbe  eoefll- 

cicut  of    in  e^^— 1)  uuder  tUe  form  of  (an  integer  qud  /i)  X/iS  wc  have 


.2 


«  or  >  r—  — r  =or>  5  >!  when  r  >•  2;  alio  when  r as2,  tB2'B'-=s2« 

When  /<=:2,  tbis  would  be  no  longer  true;  and  lu  fact  it  is  easily  seen  that 
in  this  ease,  whenever  r  is  a  power  of  2,  t  will  be  only  equal  to  1. 

For  the  benefit  of  my  younger  readers,  I  may  notice  that  t!ic  direct  proof 
of  the  theorem  that  the  ]iro(hict  of  any  r  C(m«eoiitive  numhiTs  must  con- 
tain tlie  product  of  the  uatiuni  numbers  up  to     or,  in  otlier  words,  tliat 

the  trinomial  coefficient  where  w^v^^h  is  an  integer^  is  drawn 

from  the  fact  that  this  fraction  may  be  represented  as  an  int^er  gv4^(any 
prime)  multipliod  by  /i^,  whers 

.•=(li^  -E;. T^nj+i^'i?  -E-. -E-.)+  &C. 

(Ex  meanxug  the  integer  part  of  x),  so  that  i  is  necessarily  either  zero  or 
positive,  beqmse  the  ^ae  of  each  triad  of  terms  within  &e  same  paren- 
tlu'sis  is  essentially  zero  or  positive.  This  is  the  natural  and  only  direct 
procedure  for  establiiduog  the  proposition  in  question* 
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Aud  this  relation  obtains  for  any  value  of  fi  other  than  2^  which 
(or  a  power  of  wiiich)  amid  be  contained  in  2n,  When  /m==2, 
the  b  series  will  not  all  of  them  be  the  donbles  of  relative  inte- 
gers to  ft  i  but  the  y  series^  on  account  of  the  factor  II(2n),  will 
dbvioasly,  up  to  r^^i  inclusive^  all  contain  2  and  v^^^  1 ;  conse- 
quently    will  be  twice  (an  integer  qud  Z)  + 1,  and  B«  will  still 

be  (an  integer  relative  to  ii)  +  -  as  before.  Hence  it  follows  from 

the  lemma  that  ( ^l)*BtoSsan  absolute  integer  or 

B«=  an  integer  +  (— 

whieh  is  the  equation  expressed  by  the  Staudt-Clausen  theorem*. 

My  researches  in  the  theory  of  partitions  have  naturally  in- 
vested with  a  new  and  special  mterest  (at  least  for  mysell)  eveKy** 

thing  relating  to  the  Bernoullian  numbers.  I  am  not  aware 
whether  the  following  expression  for  a  BcrnnuUian  of  any  order 
as  a  quadratic  t unction  of  tliose  of  an  inferior  order  happens  to 
have  been  noticed  or  not.  It  may  be  obtained  by  a  simple  pro- 
cess of  multiplication,  and  gives  a  means  (not  very  ex])editiou8, 
it  is  true)  for  calculating  these  numbers  from  one  another  with- 
out having  recourse  to  the  calculus  of  diifcrences  or  Maclaunn's 
theorem^  viz. 

 ??^  =  f2«— 1^   ^"-^     4-f2*— 1)        »  - 

fl(2ii)    ^       ^11(2)   n(2ii-2)^^  ^11(4) 

n  4  -l^B  — 3  Bj 

in  which  formula  the  terms  admit  of  being  coupled  together  from 
end  to  end,  excepting  (when  u  is  even)  one  tenn  in  the  middle. 
To  illustrate  ray  law  n  '  pccting  the  numerators  of  the  num- 
bers of  Bernoulli,  aiul  iLs  couiiexioo  with  the  known  law  for 
the  denominators^  suppose  twice  the  index  of  any  one  of  these 

*  I  ought  to  observe  that  m  all  that  has  preceded  I  have  used  the  wofd 

integer  in  the  sense  of  positive  or  n^ative  integer,  and  the  demonstratioa 

I  have  given  holds  good  withont  nssumiTif;  B,,  to  be  jwsitivc.  Thut  thisia 
the  caiie,  or,  in  other  words,  that  the  sigus  of  the  successive  powers  of 

in  ^~  j  are  alternately  positive  and  negative*  may  be  seen  at  a  glance  by 

putting  f  aB2  V  - 1^,  and  lemembering  that  sU  the  coefficients  in  the  leriM 
for  tan  0  in  tenns  of  ^  are  neceaiMnly  positive,  because  taatf 

Ottsly  only  involves  positive  mi^plcs  of  powers  of  (tan  0)  and  (sec  4* 
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numbers  to  contain  the  factor  where p  is  an^  prime; 

then  this  niuaber  will  contain  the  fint  power  o{p  in  iti  deno- 
minator ;  but  if  the  factor  p<  is  contained  in  donbw  the  index  in 
question,  but  (p— 1)  noi,  then  will  appear  bodily  aa  a  factor 
of  the  n!imerat(Nr« 

It  has  occurred  to  mc  that  it  might  be  desirable  to  adhere  to 
the  common  definition  of  BenumU^s  numbers,'*  but  at  the  same 
time  to  use  the  term  Bernoulli's  eo^ffidmU  to  denote  the  actual 

coefficients  in  jtt-. — =t  :  so  that  if  the  former  be  denoted  in 

— 1) 

general  by     vaA  the  latter  by     we  shall  have 

In  the  absence  of  some  such  term  as  1  propose,  many  theorems 
which  are  really  single  when  affirmed  of  the  coefficients,  become 
ilu])le\  or  even  multifarious  when  we  are  restrained  to  the  use 
of  the  nutndej's  only. 

PoUicHpt — ^The  results  obtamed  concerning  Bernoulli's  num- 
bers in  what  precedes^  admit  of  being  deduced  still  more  suc- 
cinctly ;  and  this  simplification  is  by  no  means  of  small  im- 
portance, as  it  leads  the  way  to  the  discovery  of  analogous  and 
unsuspected  properties  of  Euler's  numbers  (namely  the  coeffi- 

cieuts  of  J—-  in  the  expansion  of  sec  6),  and  to  some  very  re- 
markable theorems  concerning  prime  numbers  in  generaL 

In  fact,  to  obtain  the  laws  which  govern  the  denominators  and 
numerators  of  Bemoulh's  numbers,  we  need  only  to  use  the  fol- 
lowing principles : — (1 )  That  ^  being  a  prime,  S/i" = 0,  or  =  —  1 
to  the  moduhis  /t,  according  as  fi^l  is,  or  is  not,  a  factor  of m, 
■ — the  second  part  of  this  statement  being  a  direct  consequence 
of  Fermat^s  theorem,  the  hrst  part  a  simple  inference  from  its 
inverse.  (2)  That  e^'  — 1  is  of  the  form  ^/4-/xW,  where  T  is 
a  series  of  powers  of  all  of  whose  coefficients  arc  jiit(^g:ers  rela- 
tive to  fij  except  for  the  case  of  yu  =  2,  when  e^'—l  is  of  the  form 
2/-f2/«T.  We  have  then  (/i^-l)(-)"~'B,=  -n(2n)x  coeih- 

cient  of       in  ^  + ^  jQtnjj  division  (in 

virtup  of  principk  (2))  si—  — « where  I  is  an  integer  relative  to 

fi,  containing  w,  and  -E=      (I***'  +2*'"*+ . . .  +0»-l)**"V 

^  1 
Hence  (— an  integer  relative  to or  to  such  integer 
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sBODrding  as  Sii  does  not  or  does  ooiitam  {pr^VU  wbidi  piom 
the  law  for  the  nnmeratorB ;  and  so  if     is  a  mctor  of  n,  bat 

(/A— 1)  not  a  factor  of  %n,  —  will  vamsb^  and^^— 1  will  not  con- 

tain  Ik}  henoe  (/i.^«-l)B^  and  eonseqaenHy  B.  will  be  the  pro* 
duet  of  by  an  integer  lehtive  to  ft^  which  proves  mjr  nume- 
rator law. 

So  by  extending  the  same  method  to  the  generating  fonctioii 

— eaaily  bu  proved  that  il  wc  write 

every  prime  luimbcr  \i  of  the  form  4/2  +  1,  such  that  [ji—X]  is  a 
factor  oi"  will  hu  contained  ui  E„ ;  and  every  sucli  factor,  when 
p  is  of  the  form  4m— 1,  \\\\\  be  contained  in  E„  +  (  — 

I  call  the  numbers  E^,  ii.^  . . .  E„  Euler's  1st,  2nd,  ...nth 
numbers,  as  Euler  was  apparently  the  first  to  bring  thetn  into 
notice.  In  the/nsfilvtfiofMs  QdmH  Diff.  he  has  calcolilted  their 
values  up  to  inclusive:  in  this  last  there  is  an  ellror^  which  is 
specified  by  Rothe  in  Ohm's  paper  above  deferred  to  j  had  Euler 
been  possessed  of  my  law  this  mistake  could  not  have  occurred, 
as  we  know  that  +  2  ought  to  contain  the  fact£)r5  19  and  7, 
neither  of  which  will  be  found  to  be  such  Actors  if  we  adopt 
Euler's  value  of  Eq,  but  both  will  be  such  if  we  accept  Rothe's 
corrected  value.  But  in  still  following  out  the  same  method,  I 
have  been  led,  through  thn  stndv  of  Bernonlli^.s  and  thr  allied 
numbers,  and  with  the  express  aid  of  the  lurnier,  to  a  perfectly 
general  theorem  concerning  prime  numbers,  m  which  Bernoulli's 
numbers  no  longer  take  any  part.  Fcrmat's  theorem  teaches  us 
the  residue  of  in  respect  to  /i,,  viz.  tluii  it  is  unity ;  but  I 
am  not  aware  of  any  theorem  being  in  existence  which  teaches 

anything  concerning  the  relation  of  ^  to  /a  (or^  which  is 

thesatae  thing,  of  the  relation  of  qi^-^  to  the  modulus  fi*) .  I  have 
obtained  remarkable  reaults  relative  to  the  above  quotient,  which 
I  will  state  for  the  simplest  case  onlyi  vis«  that  where  ^  as  well 
as  ^  is  a  prime  number.   I  find  that  when  q  is  any  odd  prime^ 

i-gj-L—  ^»  J-  ^«  a.       J.  j-^'*-* 

fi  fk—l     fi,^Z    ft— o  * 

where  Cj,  c^,  c^, . .  .c^^i  are  continually  recurring  cycles  of  the 
numbers  1,  2,  3, . . .  r,  the  cycle  beginning  with  that  number  r* 


Digitizeci  bytooglc 


186  Qnaiiew2%MfmMiiMni%PHm«Aiwideft. 

which  satisfies  the  congruence  jjr'^  1  (modr).  Since  we  know 
that-L  +-^+  -^+...+7=0  (to  mod. /i)  in  place 

of  tlic  cycle  1,  2,  3,. .  .r,  we  may  obviously  substitute  the 

ductd  cycle 

— ' — ...  — 1,  u,  1,...  2  ,     2  • 

Ihvsj  €»*^»,  J  when  is  of  the  form  6i»+ 1> 

^        ^   + -L-^-l^...+l,toiiiod.f», 


and  when    is  of  the  form  6ii— 1, 

+  — '-o  ^+  -^...-l,tomod,/». 

When  q  ia  2^  the  theorem  which  rephcea  the  preceding  is  aa 
follows :  ?f~''^^,when    is  of  the  form  4iii + 1, 

+ J  I  L  +  J  +  1, 

— ft— 1    /*— 2    /A— 3    fc— 4    fi—u    /A— 6 
*         ^    +  — ^  ±  &c.. 


^-7    i»-8  ^ 

and  wliuu  ft  is  of  the  form  4ii— 1, 


—    ;i-l^;A-2^/A-3    /i-4  /*-5 
+ -i-^  +  7^  Hh  &c.,  to  mod. /». 

When  q  is  not  a  prime,  a  similar  theoreni  may  be  obtained  by 
the  very  same  method,  but  its  expression  will  be  le^a  simple. 
The  nbove  theorems  wuukl,  i  think,  be  very  noticeable  were  it 
only  for  the  circumstance  of  their  involving  (as  a  emiditton)  the 
primenen  aa  well  of  the  base  aa  of  the  augmented  index  of  the 
familiar  Fermatian  expression  ^-^y-^a  condition  which  here 
makes  its  appearance  (aa  I  believe)  for  the  firat  time  in  the 
theory  of  numbers. 
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XXI.  On  a  new  McUi'ui  of  arranging  Numerical  Tables.  By 
W.  D  ITT  MAR,  Assistant  in  the  Laboratory  of  Owens  CoUege^ 
Manchester*, 

■    [\N'ith  a  Plate] 

THE  iise  of  numerical  tables  constructed  in  tlic  ordinary 
manner  i?,  for  obvious  reasons,  inseparably  conucctcd  with 
interpolation  calculations.  Such  calculations,  although  by  no 
means  dilhcult,  involve,  as  every  practical  mathematician  knows, 
much  loss  of  time,  and  often  pvc  rise  to  mistakes.  This  is 
especially  the  case  when,  from  a  givcji  value  of  a  dependent  van- 
able,  the  corresponding  value  of  the  independent,  or  of  another 
dependent  variable  has  to  be  found.  It  is  obvioiis  that  all  inter- 
polatiooa  could  be  avoided  by  giving  all  the  valaea  which  can 
poBsiblv  he  required ;  this,  however^  is  in  most  cases  practically 
iiDpo8aible,  as  the  tables  would  thus  become  inconveniently  voln- 
minous,  and  the  chance  of  typographical  error  would  be  greatly 
increased.  T  believe  that  the  completeness  thus  attainable  can 
be  arrived  at  by  the  use  of  the  following  gra])hical  method, 
while  at  the  same  time  the  size  of  the  table  will  not  extend 
beyond  the  ordinary  limits.  Let  it  be  required  to  construct 
a  table  givinir  the  values  of  scvornl  functions  y,  z/; .  .  .  of  a 
variable  x.  Draw  a  system  of  vertical  parallels,  and  call  them 
respectively  the  x,  y,  z,  w , , .  line.  On  each  of  the  verticals 
construct  a  scale,  and  let  every  point  on  each  of  the  scales  be  the 
symbol  for  a  number  equal  either  to  the  number  of  divisions  (and 
in  p:encral  one  fraction  of  a  division)  contained  between  the 
origin  and  that  point,  or  to  a  simple  multiple  of  this  number; 
so  that  the  marks  on  each  scale  represent  the  terms  of  an  arith* 
metkal  series.  These  several  scales  must  be  so  constructed  that 
the  corresponding  values  of  all  the  variables  are  found  in  one 
and  the  same  horizontal  line.  It  is  true  that,  strictly  speaking, 
this  can  only  be  the  case  when  all  the  functions  are  linear  ones ;  it 
isy  however,  easy  to  show  that,  practically  speaking,  the  problem 
can  always  be  solved  with  any  degree  of  exactitude  required, 
provided  that  the  functions  are  continuous.  The  mode  of  con- 
struction and  use  of  such  tables  will  perhaps  be  best  explained 
by  an  example. 

t'ig.  1,  Plate  III.  represents  the  commencement  of  a  Table  of 
logarithms  and  recij)roeals,  which  is  intended  to  afford  about  tlie 
same  degree  of  exactitude  as  a  common  4>-plHce  logarithmic  table. 
Column  II.  contains  the  logarithm-scale;  each  of  the  divisions 
is  4-  ijiiliims.  in  lengtli,  and  represents  a  logarithmic  increment 
of  0001;  each  point  in  this  scale  has  a  twofold  meaning;  it 
stands^  namely,  both  for  the  mantissa  4p=X,  and  for  the  (posi- 

*  CoouQiuucated  by  the  Author. 
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tive)  mautissft  of  -  which  equaifl  1— X»  When  this  scale  had 

been  drawn,  the  integral  nnmbeni  from  100  to  1000  were  marked 
on  the  other  two  columns  drawing  horiiontal  lines  opposite 
to  the  corresponding  loganthmsj  the  numbers  up  to  num. 

(raant.  =*5000)  were  placed  in  column  I.  beyond  this  numbv 
in  column  III.  Lastly,  the  interval  between  every  two  such 
marks  was  divided  into  ten  equal  parts.  Since,  now,  within  the 
intervals  ^  =  100  to       101,  msslOl  to  arslO%  &c.  the 

quotients  ^  ^^^^  ""X  *^  safely  be  taken  as  a  con- 

stant, any  A  log  a?  within  such  an  interval  may,  together  with  its 

Ax,  be  graphically  represented  hy  one  and  the  same  straight 
line,  as  is  iii  fact  done  in  the  Tabic.  It  is  now  clear  that  any 
horizontal  line  will  cut  the  verticals  in  point ^^  which  (whether 
they  coincide  with  marks  or  not)  are  symbols  lor  respec lively  a 
certain  number  x,  logx,  and  a  number  having  the  same  succca- 

aton  of  figures  as      The  above  will  afford  ccvnplete  infonna- 

tion  for  the  |)ractical  me  of  the  Table*.  The  division  of  the 
spaces  between  the  marks  on  the  scales  is  to  be  made  by  tlie  eye. 
With  some  practice  an  error  greater  than  one-tenth  of  au  intci  val 
in  the  logarithm-scale  wiU  rarely  be  made ;  the  position  of  the 
marks  themselves  may  be  by  far  more  accurately  determined  f ; 
the  error  acootopanying  any  logarithm  taken  out  of  the  Table 
will  therefore  scarcely  ever  exceed  O'OOOlj  and  anj  number 
found  by  its  help  will  be  correct  within  about  ^jf^  of  its  value. 
The  reliability  of  the  results  is  not  so  dependent  upon  the  eiacti- 
tude  of  the  drawing  as  one  might  at  first  sight  be  disposed  to 
think,  as  ouly  that  portion  of  every  number  is  really  graphically 
determined  which  in  an  ordinary  4-place  table  is  found  by  compu- 
tative  interpolation.  The  Table  is  j)artieularly  hnndy  for  finding 
the  values  of  reciprucaisj  as  these  may  be  obtained  (Jirectly  with- 

*  Let  us  suppoie  the  li^arithm  and  the  reciprocal  of  1*0653  were  to  be 
found.  Divide  the  interval  b  ctween  th6  iDSiks  106*5  and  106*6  on  the 
;r-scale  (in  your  mind)  into  ten  equal  parts,  and  through  the  third  point 

fi-om  lOfj'5  draw  n  horizontal  line,  which  is  best  done  bv  bringing:  a  straiijht 
line  etobcil  on  one  side  of  a  piece  of  ])b\te-glH9s  into  tbe  riglit  poyifion.  This 
line  Will  cut  ihe  log-scale  in  the  point  '02'J'\  =  maut.  lUtij,),  and  the 

^•scale  in  the  point  2^^8*7? 1000  x  pQggg*  At  the  aame  time  log  ^.^^^^^ 

may  beicad  off  4»aet]y»  the  point  ofiateneetioa  is  tha  log-ioale  ttaaifag 

also  for  mant.  |.^^g^gg*9726. ' 

t  When  great  exactitude  is  required,  tlu  ilL;iiic  may  bi  iliiiwii  on  a  cop- 
per plate  by  help  of  a  dividing  engiue;  and  copies  printed  Uom  the  copper. 
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out  the  intervention  of  logarithms.  It  will  tiicieiore  be  especi- 
ally useful  in  chemical  calculations,  as,  for  instance,  in  converting 
specific  gravities  iato  specific  volumes,  for  reducing  per-oentage 
oompoaitioiis  to  the  unit  of  weight  of  one  oonstiituentj  fte«  The 
meral  applicability  of  this  meUiod  is  endent.  For  the  sake  of 
fllnstratioii  I  append  figs.  2  and  8,  giving  reflectively  the  be- 
ginning of  a  general  interpolation-  and  of  a  densimetric  Table, 
The  mode  of  construction  and  use  of  these  Tables  will  be  under- 
stood from  the  description  given  of  the  Table  of  logarithms. 


XXII.  On  Graphical  Tnterpohtion.  ByV{.DiTiyi\\\,AMiiUtaU 
in  the  Laboratory  of  Owens  ColUge,  Manchester'^. 

THE  principles  laid  down  in  the  preceding  article  for  the 
construction  of  numerical  tables  may  also  be  employed  for 
the  purpose  of  carrying  out  graphical  interpolations.   I4et  us 

suppose  that  the  corresponding  values  .rQyQ/.r,y,,  r^y^  •  be- 
loiiirinG;  to  an  unknown  fnnrtion  y:=:f[x)  arc  given  by  obser- 
vation, and  that  it  is  required  to  complete  the  scries  of  vari- 
ables. It  is  clear  that  the  direct  results  of  observation  may  bo 
registered  in  a  graphical  table  in  the  manner  described  above. 
For  this  purpose  it  is  only  necessary  to  draw  a  straight  line^  and 
to  cunslnaL  on  one  side  of  it  a  scale  with  a  constant  unit  uf 
length,  the  points  of  which  are  considered  as  representatives  of 
the  values  of  y,  while  on  the  other  side  of  the  line  marks  made 
opposite  to  the  points  y^,  •  *  •  ^  taken  as  symbols  of  the 
reniective  values  of  x,  i.  e.  Wq,  Xi,  x^,,,  &c.  The  question  now 
is^  how  can  the  gaps  on  the  jr-scale  be  filled  up  by  graphic  inter* 
polatiou  ?  This  may  be  accomplished  in  the  following  way 
When  there  are  reasons  for  supposing  that/(jr)  doea  not  differ 
much  from  a  linear  function,  all  the  divisions  on  the  x-scalemay 
be  made  eqnnl  to  one  another,  and  each  so  lontr  that  the  points 
correspondititr  to  r,,.  Tj,  &c.  coincide  as  nearly  as  possible  with 
those  signifying  respectively  yQ,  y^,  &e.  on  t)ic  y-scale.  This  is 
best  done  by  dividing  the  distance  bt  twccn  the  two  furthest 
jioirits  on  the  a7-scale  into  the  requisite  luimlicr  of  equal  j)arts, 
drawing  lines  from  the  points  thus  obtained  to  uiie  point  situated 
at  some  distance,  and  by  moving  the  ^-scale  along  in  this  system 
of  lines  parallel  to  the  line  divided  till  a  position  is  found  in 
which  the  points  of  intersection  of  the  radii  with  the  y-acato 
yield  an  sNsealc  whidi  agrees  as  closely  aa  poaiible  with  the 
observed  values. 

*  Communicated  by  the  Author. 

t  A  shf^rp>«dged  dimwing  sMMiire  is  most  eoovcaisBtiy  cmplofsd  ibr 
this  purpose. 


r 
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If  a  satisfactory  result  cannot  be  obtained  io  tbis  way,  it  it 

best  to  try  whether  Jlx)  can  be  ])ractically  represented  by  an 
exprcssiuu  uf  the  form  A+B«+Cff%  where  and  C  ugaify 
oonstanta.   If  this  be  the  case,  we  have* 

y»A+Bflf+C«*,  ,  .  (1.) 

y-  Ay = A+B(a?- A«)  +  C(jr- 

Ay=BAap-C(A4:)«  +  (2CAx)ar  (II.) 

^p"'^-  =BA»-C(A«)«+  (2CAa)  rp±^-±^\  (III.) 
0?^  \      2  / 

Comparing  equation  (III.)  with  (II.),  we  sec  that       ^"  Ax 

X  ^x 

b  equal  to  Ay,  the  graphical  repiesentatiTe  of  wbicb  is  con* 
tamed  between  the  two  points  in  the  «-8cale  oonesponding  to 

the  numbers  i+^t^  .nd  Sd^lj^-A^. 

2  2 

From  the  equations  (II.)  and  (III.)  the  following  method  for 
constructing  the  dr-scale  may  be  found : — Combine  the  observed 
pairs  of  Tariables  by  twos,  and  find  from  every  combination,  with 
the  help  of  equation  (111.)^  a  certain  Ay,  the  graphical  represen- 
tative of  whi«di  is  contained  bet  win  the  two  points  which  in  the 
jp*scale  mean  d7— Ar  and  x.  Then  con  t met  a  rectangular 
system  of  coordinates,  and  represent  the  values  of  x  thus  obtained 
(with  nn  arbitrary  unit  of  length)  abscissae,  the  corresponding^ 
values  of  Ay  a  -  nrdinatcs,  using  tor  the  latter  that  length  as  unit 
which  represents  A7/=l  in  the  y-seale.  Next  draw  a  straight 
line  which  passes  as  nearly  as  possible  through  the  extreme 
points  of  the  ordinate?.  The  ordinates  of  this  line  correspond- 
ing respectively  to  Ad-,  2 Ax,  SAx, . . . ,  when  put  together  in  the 
right  order,  give  the  required  ar-scale.  In  order  to  obtain  ejcact 
rasults,  it  is  advisable  to  choose  first  such  a  lafge  value  for  Air 
that  oily  a  few  points  of  the  jr-scale  are  obtained,  and  to  deter- 
mine the  intermediate  points  by  new  constructions.  *A8  soon  as 
so  many  points  are  determined  that  two  successive  intervals  do  not 
di£fer  perceptibly  in  length,  the  subdivisions  of  each  interval  ipay 
be  made  equal  to  one  another.  Should  the  indications  of  a  scale 
thus  obtained  not  agree  quite  satisfactorily  with  the  observed 
data,  it  may  often  be  improved  by  sHgbtly  changing  the  unit  of 
length  used  in  the  construction,  and  by  alterinir  its  position  with 
respect  to  the  y-scale.  A  convenient  method  for  doing  tiiis  has 
been  already  described. 

*  X  and  y  mean  any  vnlues  of  the  variables  belonging  toprtlicr  ;  Xp,  yp, 
and  xn,  yn  mean  particular  pairs  of  variables ;  Ax  stands  for  the  constant 
uuinericul  difi'ercnce  corresponding  to  one  division  in  the  ^-scale ;  Ay  for 
tlie  corrcqioiidlsi;  variabU  metement  of 
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If  an  interpolation  of  the  second  degree  proTes  to  be  insuffi- 
cient for  representing  the  obsenrations^  the  series  of  ralues  given 
is  divided  into  several  intervals^  and  each  of  these  is  then  treated 
in  the  manner  described. 

In  some  cases  it  will  be  advisable  to  represent^  not  y,  but  some 
fimetion  of  y  like  y",  log  y,  &e.,  on  a  scale  with  equal  divisions* 

The  advantages  which  the  method  of  graphical  interpolation 
described  apjpears  to  me  to  possess^  as  compared  with  the  usual 
one  of  drawing  a  carve  in  a  rectangolar  system  of  coordinates, 
are  the  following: — 

1.  AH  the  Imes  drawn  are  straight  lines ;  the  personal  error  in 
the  drawing  is  therefore  reduced  to  a  minimum. 

2.  The  drawing  can  be  executed  with  less  trouble  and  errcater 
exactitude,  and  it  takes  up  less  space  than  in  the  orditiury  way. 

3.  When  the  drawinp:  is  finished,  the  viihie  of  y  belonging  to 
any  given  cc  may  be  rend  uil'  ut  once,  and  vice  vursd. 
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^farch  22, 1 8f)0.^-Sir  Benjamm  C.  Brodie^  Bart.»  Pres.,  in  the  Chair. 

•T^HE  following  communications  were  read  : — 

*'  On  the  Theory  of  Compound  Colours,  and  the  Relations  of 
the  f'olours  of  the  Sjx  ctrnm."  By  J.  Clerk  Maxwell,  Esq., 
Pro  l  essor  of  Natural  Philosophy,  Marischal  College  and  Universit/, 
Aberdeen. 

Newton  (in.  his  *  Optics,*  Book  I.  part  ii.  prop.  6)  has  indicated  a 
method  of  exhibiting  the  relations  of  colour,  and  of  calculating  the 
effects  of  any  mixture  of  colonis.   He  conceiTes  the  colours  of  the 

spectrum  arranged  in  the  circumference  of  n  circle,  and. the  circle  so 
jjaiiitcd  that  every  radius  exhibits  a  gradation  of  colour,  from  some 
pure  colour  of  the  spectrum  at  the  cirruiiitcrence,  to  neutral  tint  at 
the  centre.  The  resultant  of  any  mixliire  ui  colours  is  then  touud 
by  placing  at  the  points  oorref^KKiding  to  these  colours,  weights 
proportional  to  their  intensities;  then  the  moltant  eolonr  will  be 
found  at  the  centre  of  gravity,  and  its  intensity  will  be  die  snm  of 
the  intensities  of  the  components. 

From  the  mathematical  development  of  the  theory  of  Newton's 
diagram,  it  appears  that  if  the  positions  of  any  three  colours  be 
assumed  on  the  diagram,  and  certain  intensities  of  these  adopted  as 
units,  then  the  position  of  every  other  cobur  nunr  be  laid  down  from 
its  observed  relation  to  these  three.  Hence  Newton's  assnmptioii 
that  the  colours  of  the  spectrum  are  disposed  in  a  certain  manner  iii  * 
the  circumference  of  a  circle,  unless  confirmed  by  experiment,  must 
be  regarded  as  merely  a  rough  conjecture,  intended  as  an  illustration 
of  his  method*  bnt  not  asserted  as  mathematically  exact.   From  the 
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TewlU  of  the  present  investigation,  it  appears  that  the  colours  of  the 

spcctnim,  as  laid  down  according  to  Newton's  method  from  actual 
observation,  lie,  not  in  the  circnmtcience  of  n  rirrlo,  but  in  the 
periphery  of  a  Lrinnp;!*",  showing  i  tiat  all  the  colours  ot  the  spectrum 
ma^'  be  chromatically  rcpreseuted  b^  three,  which  form  the  angles  of 
thu  triangle. 

WateJcagth  in  millioathi  of  Paris  inch. 

Scarlet   2328,  about  one-third  from  line  C  to 

Grcpu   1914,  nbout  one-quarter  from  E  to 

Blue   1717,  about  haU-way  from  F  to  G. 

The  theory  of  three  prim?irv  colours  ha?  beert  often  proposed  as 
an  intcrjiretation  of  the  phenoraena  of  compound  colours,  but  the 
relation  of  these  colours  to  the  colours  of  the  spectrum  dees  not 
seem  to  have  beeu  distinctly  understood  till  Dr.  Young  (Lectures  on 
Naiiund  Philosophy,  Kelliad*fl  edition,  p.  345)  eaimdAftedhu  theory 
of  three  primary  sensations  of  colour  which  are  exdCed  in  diiferent 
proportiont  when  different  kinds  of  light  enter  the  organ  of  Tiflioa. 
Arcorf^inp:  to  this  thoorv,  thr  thrprfold  ( linracter  of  colour,  n*?  porof  iver? 
by  us,  is  due,  not  to  a  threelbld  composition  of  ligbt,  but  to  tho 
constitution  of  the  visual  apparatus  which  renders  it  capable  ol  hi  ins; 
affected  in  three  different  ways,  the  relative  amount  of  each  seusatiou 
heing  determmed  by  the  naliuro  of  the  incident  light.  If  wo  oonld 
exhibit  three  colours  corrcaponding  to  the  three  primary  sensationi^ 
each  colour  ezdtmg  one  ana  one  only  of  these  flen8ationa>  then  since 
all  other  colours  wnaterer  must  excitp  more  than  one  primary  sensa- 
tion, they  must  find  their  places  in  Newton's  diagram  within  the 
triangle  of  which  the  three  primary  colours  are  the  angles. 

Hence  if  Youns's  theory  is  true,  the  complete  diagram  of  all  colour, 
as  perceiTed  by  the  human  eye,  will  hky%  tho  fbna  of  a  triangle. 

The  oolonn  corrMponding  to  the  pnre  rwjrs  of  the  apectram  amil 
all  lie  witihin  this  triangle,  and  all  colovn  in  nature^  boQg  miztBrea 
of  these,  must  lie  within  the  line  formed  by  the  spectrum.  If 
tiierefore  any  colours  of  the  Rpcctrum  correspond  to  the  three  pure 
primary  sen^tions,  they  will  Ijc  found  at  the  niigles  of  the  thangl€|y 
and  all  the  other  colours  will  he  within  the  triangle. 

The  other  colours  of  the  spectrum,  though  excited  by  uncom- 
poimded  light,  ait  oomponnd  eoloora;  hecanie  tha  Hght,  though 
simple^  haa  the  power  of  exciting  two  or  more  oohmr-aensations  in 
diffemt  proportions,  as,  for  instancy*  a  bloe-green  ray,  though  not 
compounded  of  blue  rays  and  green  layfl^  pioaoeet  a  aenaation  eom> 
pouuded  of  those  of  IjIup  mul  prccn. 

The  three  colours  found  by  experiment  to  form  the  three  angles 
of  the  triangle  formed  by  the  spectrum  on  Newton's  diagram,  may 
oonenond  to  the  three  primary  aaoaationB. 

A  duferent  geometrical  repraaentation  of  the  relations  of  cokwr 
WKf  be  thna  doaoribed.  Take  any  point  not  in  the  plane  of  Newton's 
»  diagram,  draw  a  line  from  tins  point  as  origin  through  the  point 
representing  a  given  rolour  on  the  plane,  and  produce  them  so  that 
the  length  of  the  ime  may  be  to  the  part  cut  off  by  the  plane  as  the 
intensity  of  the  given  colour  is  to  that  of  the  currcspoudlng  point  on 
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Newton's  diagram.  In  tLis  way  any  colonr  may  he  represented  by 
a  line  drawn  from  the  origin  whose  direction  indicates  the  quality  of 
the  colonr,  and  who>e  length  depeiuls  upon  its  intensity.  The 
resultant  ol  two  culuurs  \m  represented  by  the  diagonal  oi  the  parui- 

klogwm  Ibmed  on  the  lines  representing  the  colours  (see  Prof. 
Grsswnsmn  in  Phil.  Mag.  April  1854). 
Taking  three  lines  drawn  liom  the  origin  through  the  points  of 

the  diagram  corresponding  to  the  three  primaries  as  the  axps  of 
coordinates,  we  may  express  any  colour  as  the  resultant  of  definite 
quantities  of  ench  of  the  three  prnnarics,  and  the  three  elements  of 
colour  will  then  be  reurescntcd  oy  the  three  dimeusiou:^  oi  space. 

Hie  enieninents»  toe  results  w  nhdsh  are  now  before  the  Society, 
vere  undertaken  in  order  to  asoertain  the  exact  relations  of  the 
oolouia  of  the  spectrum  as  seeu  by  a  normal  eye,  and  to  lay  down 

these  relations  on  Newton's  diagram.  The  method  consisted  in 
selecting  tlirrc  colours  from  the  spectrum,  and  mixhig  these  in  such 
proportions  as  to  bi  identical  in  colour  and  briglitness  with  a  constant 
white  light.    liavmg  assumed  three  btandaid  colours,  and  Ibuud  the 

auantity  of  iSach  required  to  prodnee  <he  ^en  white*  we  then  find 
tie  quantities  of  two  of  these  eombmed  with  a  fourth  colour  whidl 
will  produc(  tlu  same  white.  We  thus  obtain  a  relation  between  the 
three  standards  and  the  fourth  colour,  which  enables  us  to  lay  down 
its  position  in  Newton's  diagram  with  rcfcrnice  to  the  three  standards. 

Any  three  sufficiently  dilTerent  colours  may  he  chosen  as  standards, 
and  any  three  points  may  be  assumed  as  their  pcsitiuns  ou  the 
diagiam.  Xhe  resulting  diagram  of  relations  of  colomr  will  diflEbr 
according  to  the  way  in  which  we  begin ;  but  as  ereiy  cohmr^diagram. 
isa  ^lerapectiTe  projection  of  any  other,  it  is  eai^  to  compare  ^'•y"^ 
obtainea  by  two  different  methods. 

The  instrument  employed  in  these  experiments  consisted  of  a  dark 
chamber  about  5  feet  long,  9  inches  broad,  and  4  deep,  joined  to 
anotii^er  2  iect  lung  at  an  angle  oi  about  100°.    If  Ii^ht  is^  admitted 

at  a  narrow  slit  at  the  end  of  the  shorter  chamber,  it  fiUls  on  a  lens 
and  is  refiicted  throngh  two  prisms  in  succession^  so  as  to  form  a 
pure  spectrum  at  the  end  of  the  long  chamber.    Ilere  there  is 

placed  an  apparatus  consisting  of  three  moveable  slits,  wliich  can  be 
altered  in  breadth  and  position,  the  position  being  read  off  on  a 
graduated  scale,  and  the  breadth  ascertained  by  inserting  a  hnc 
graduated  wedge  into  the  siit  till  u  touches  both  sides. 

When  white  li§^  is  admitted  at  the  diorter  end,  light  of  three 
different  kinds  is  refracted  to  these  three  slits.  When  white  light  is 
admitted  at  the  three  slits,  light  of  these  three  kinds  in  combinatiam 
is  seen  bv  an  eve  placed  at  the  slit  in  the  shorter  arm  of  the  instni- 
ment.  13y  altering  the  three  slits^  the  colour  of  this  compound  light 
may  be  changed  at  pleasure. 

The  white  light  employed  was  that  of  a  sheet  of  white  paper,  placed 
on  a  hoard,  and  illuminated  by  the  sun's  light  in  the  open  air;  the 
ijistrument  being  in  a  room,  and  the  light  moderated  where  the 
observer  sits. 

Another  portion  of  the  same  white  l%ht  goes  down  a  sepsnte 
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comjiartment  of  the  instrument,  aud  is  reflected  at  a  suHaee  of 

blackened  gkss,  so  as  to  be  seen  by  the  observer  in  immediate  contact 
^vith  tho  compound  light  which  enters  the  slits  and  is  refracted  bj 

the  prisms. 

Each  experiment  consists  in  altering  the  breadth  of  the  slits  till 
the  two  lights  seen  by  the  observer  a^rce  both  in  colour  and  brightness, 
the  e^e  being  allowed  time  to  rest  before  making  any  final  dtedsion. 
In  this  way  the  id  itlve  places  of  sixteen  kinds  of  light  were  found  by 
two  observers.  Both  agree  in  finding  the  positions  of  the  colours  to 
lie  very  close  to  two  sides  of  a  triangle,  the  extreme  colours  of  the 
spectrum  formiug  doubt fal  fragments  of  lii;'  third  side.  They  differ, 
however,  in  the  intensity  with  which  certain  colours  affect  them, 
especially  the  greenish  blue  uear  the  line  F,  which  to  one  observer  is 
remarkably  feeble,  both  when  seen  singly,  and  when  part  of  a  mixture; 
while  to  the  other,  though  less  intense  than  the  colours  in  the 
neighbourhood,  it  is  still  sufficiently  powerful  to  act  its  part  in  com* 
binations.  One  result  of  this  is,  that  a  combination  of  this  colour 
with  red  may  be  made,  which  appears  red  to  the  tirst  observer  and 
green  to  tlic  second,  though  both  have  normal  eyes  m  far  as  ordinary 
colours  arc  concerned  mid  Lhn  blindness  of  the  lir^t  liu^  reference 
onlf  to  rays  of  a  definite  refrai^bilitT,  otlier  rays  near  them,  though 
similar  in  colou,  not  bong  deficient  m  iutensi^.  For  an  account  of 
this  peculiarity  of  the  author's  eye,  see  the  Report  of  the  Bridsli 
Association  for  1856,  p.  12. 

By  the  operator  attending  to  the  proper  illummation  of  the  paper 
by  the  sun,  and  the  observer  taking  care  of  hi?  eves,  and  completing 
an  observation  only  when  they  are  fresh,  very  good  results  can  be 
obtained*  The  compound  colour  is  then  seen  in  contact  with  the 
white  refiected  hght,  and  is  not  distinguishable  fiom  it,  either  in  hue 
or  brilliancy ;  and  the  average  difference  of  the  observed  breadth  of  a 
slit  from  the  mean  of  the  observations  does  not  exceed  of  the 
breadth  of  the  slit  if  the  observer  is  carefnl.  It  is  found,  nowever, 
that  the  errors  in  the  value  of  the  sum  of  the  three  shts  are  greater 
than  they  would  have  been  by  theory,  if  the  errors  of  each  were 
independent ;  and  if  the  sums  and  differences  of  the  breadth  of  two 
'  slits  be  taken,  the  errors  of  the  sums  are  always  fbund  greater  than 
those  of  the  difl'inrences*  This  indicates  that  the  human  eye  has  a 
more  accurate  perception  of  difl:erences  of  hue  than  of  differences  of 
illumination. 

Having  ascertained  the  chromatic  relations  between  sixteen  colours 
selected  from  the  spectrum,  the  next  step  is  to  ascertain  the  positions 
of  these  colours  with  reference  to  Frauuhofer's  lines.  This  is  done 
by  admittmg  light  into  die  shorter  arm  of  th^  instrument  through 
the  alit  which  farms  the  eyehole  in  the  former  experiments.  A  pure 
spectrum  is  then  seen  at  the  other  end,  and  the  position  of  tho  fixed 
lines  read  off  on  the  graduated  scale.  In  order  to  determine  the  wave- 
lengths of  each  liind  of  light,  the  incident  light  was  first  reflected 
from  a  stratum  of  air  too  thick  to  exhihit  the  colours  of  Newton's 
rings.  The  spectrum  then  exhibited  a  series  oi  dark  bands,  at 
intervals  increasing  from  the  red  to  the  violett  The  wave-lengths 
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eornMpondtng  to  these  form  a  series  of  sabinaltiples  of  the  retarda- 

tkm ;  and  by  counting  the  bandj  between  two  of  tne  fixed  Imes,  whose 
wave-lengths  have  been  determined  by  Fraunhofer,  the  wave-lengths 
corresponding  to  all  the  bauds  may  be  calculated  ;  and  as  there  are 
a  great  numb  r  of  b^rn  U,  the  wave-lengths  become  known  at  a  great 
many  different  puiuL^. 

In  this  way  the  wave-lengths  of  the  colours  compared  may  be 
•scertained,  and  the  results  obtained  by  one  observer  rendered 
comparable  with  those  obtained  by  another,  with  different  apparatus. 
A  portable  apparatus,  similar  to  one  exhibited  to  the  Britbh 
Association  in  l^.Vl,  is  now  bein;^  constructed  in  order  to  obtain 
observations  made  by  eyes  of  dififereut  qualitiea,  especially  those 
whose  vision  is  dichromic. 

Postscript, 

deeount  ofJSgjj^enminis  on  the  Speetrum  a$  9een  £y  Ms  CoUnu^blmd. 

The  instrument  used  in  these  observations  was  similar  to  that 
already  described.  By  reflecting  the  light  back  through  the  prisms 
by  means  of  a  concave  mirror,  the  instmmont  is  rendered  much 
shorter  and  more  portable,  while  the  definition  of  the  spectrum  is 
rather  improved.  The  experiments  were  made  by  two  colour-blind 
observeiBi  one  of  whom,  Aowever,  did  not  obtain  sunlight  at  the 
thne  of  obsemtion.  The  other  obtamed  results,  both  with  dond* 
light  and  son-light,  in  the  way  already  described.  It  appean  from 
these  observations — 

I.  That  any  two  colour?  of  the  spectrum,  on  opposite  sides  of  the 
line  **  F,"  may  be  combined  in  such  proportions  a^  to  form  white. 

II.  Tiiat  all  the  colours  on  the  more  refrangible  side  of  i:  appear 
to  the  colour-bUnd  "  blue,'*  and  all  those  on  the  less  refrangible  side 
appear  to  them  of  another  colour,  which  they  generally  speak  of  as 
"yellow,"  though  the  green  at  B  appears  to  them  as  good  a  repre* 
sentative  of  that  colour  as  any  other  part  of  the  spectrum. 

III.  That  the  ]myu  of  the  spectrum  from  A  to  E  differ  only  in 
intensity,  and  not  in  rol  tur ;  the  light  beinp;  too  faint  for  good  experi- 
ments between  A  and  D,  but  not  distinguishable  in  colour  from  E 
reduced  to  the  same  intensity.  The  muximHm  is  about  ^  from  D 
towards  E. 

IV.  Between  E  and  F  the  colour  appears  to  vary  firom  the  pitre 
"^rellow"  of  E  to  a  "  neutral  tint "  near  F,  which  cannot  be  distin- 
guished from  white  when  looked  at  steadily. 

V.  At  F  the  blue  and  the  "yellow  "  el.'tnent  of  colour  arc  in  equi- 
librium, and  at  this  part  of  the  spectrum  tlie  same  blindness  of  the 
central  spot  of  the  eye  is  found  in  the  colour-blind  that  has  been 
already  observed  In  the  normal  eye^  so  that  the  brightness  of  the 
spectmm  appean  decidedly  less  at  F  than  on  either  side  of  that  line ; 
and  when  a  large  portion  of  the  retina  is  illuminated  with  the  light 
of  this  part  of  tbp  spectrum,  tlic  Ihnhus  lutetts  appears  as  a  dark 
spot,  moving  with  the  movements  of  the  eye.  The  ubserver  has  not 
yet  been  able  to  distinguish  Ilaidinger's  "  brushes  "  wliilc  observing 
polarized  light  of  this  colour,  iu  which  they  are  very  conspicuous  to 
the  author. 
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VI.  Between  F  and  a  point  j  from  F  towards  G,  the  colour  appetn 

to  vary  from  the  neutral  tint  to  pure  blue,  while  the  brightnoss  in- 
creates,  find  rencljes  n  niiiMuium  at  ^  from  F  towards  G,  nnd  thea 
diiniiiishi  -  towjtids  tlie  luuiij  refrangible  end  of  the  specLiimi,  the 
punu  ol  ike  colour  being  apoareutl^*  the  same  throughout. 

TlL  The  theory  of  oolour-Dlind  Tision  bcmg  "  <ltcAroiMe>"  is  oon* 
finned  by  these  experimentfl,  the  results  of  which  agree  with  those 
obtained  already  by  normal  or  "  triehromic*'  eyes,  if  we  suppose  the 
"red"  element  of  colour  climinatccl,  and  the  "green"  and  "blue" 
elements  left  as  they  were,  so  that  ihe  re(f  making  rcytt**  though 
dimly  visible  to  the  dichromic  eye,  exeite  the  sensation  not  of  red 
but  of  green,  or  as  they  call  it,  "yellow." 

Till.  The  extreme  red  ray  of  the  spectrum  appears  to  be  a  suf* 
ficiently  good  representative  of  the  defective  element  in  the  colour- 
blind. Wlicn  the  ordinary  eye  receives  this  ray,  it  experiences  the 
araaation  of  which  the  dichromic  eye  is  incapable ;  and  when  the  di- 
chromic eye  receives  it,  the  luminous  effect  is  probnltly  of  the  same 
kind  as  that  observed  by  Helmholtz  in  the  ultia-violet  part  of  the 
spectrum — a  sensibiHty  to  light,  without  much  jippreciation  of  colour. 

A  set  of  observations  of  coloured  papers  by  the  bame  dichromic 
observer  was  then  compared  with  a  set  of  observations  of  the  same 
papers  by  the  author,  and  it  was  found— 

1 .  That  the  colour-blind  observat  ions  were  consistent  among  them* 
selves,  on  the  hypothesis  of  ftco  clenu  nts  of  colour. 

2.  Tbnt  the  colour-blind  observations  were  consistent  witii  the 
author's  <)!)>(  I  vatiniis,  on  the  hypothesis  that  the  two  elements  of 
colour  iu  dichrumic  muloii  are  ideutical  with  two  of  the  three  elemeutJi 
of  oolonr  in  normal  vision. 

^  3.  That  the  element  of  colour,  by  which  the  two  types  of  vision 
differ,  is  a  red|  whose  relations  to  vennilion«  nlttamavin^  and  emerald- 
green  are  expressed  by  the  equation 

D-l*198V-|-0-078n-.0«276G, 

where  D  is  the  defective  element,  and  Y,  U  and  G  the  three  colours 
named  above. 

April  26. — Sir  Benjamin  C.  Brodie,  Bart.,  Flrendent,  in  the  Chair. 

The  ibUowing  commantcation  was  readi — 

"  Note  on  Regelation."  By  Michael  Faraday,  D.C.L.,  F.R.8.  &e. 

The  philosophy  of  the  phenomenon  now  understood  by  the  word 
Ilenrelnticvn  is  exceedingly  mterestiu|?,  not  only  because  of  its  relation 
to  glacial  action  uuder  natural  circumstances,  as  shown  b^  Tyndall 
and  others,  but  also,  and  as  I  think  especially,  in  its  bearings  upon 
mokenlar  aetimi  s  and  this  is  shown,  not  merely  by  the  desire  of  dif- 
ferent philosophers  to  assign  the  true  physical  principle  of  action* 
hut  also  by  the  gKftt  differences  between  the  views  which  they  have 
taken. 

Two  pieco.^  of  thawing:  ice,  if  put  together,  adhere  and  become 
one  ;  at  n  place  where  liquefaction  was  })roceeding,  congelation  sud- 
denly occurs.  The  effect  will  ke  place  in  mr,  or  in  water,  or  in 
vacuo.    It  will  occur  at  everypoiut  where  ihc  two  piece^i  oi  ice 
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touch  ;  but  not  with  ice  below  the  fropziivj;  ;ioint,  t.  tf,  with  dry  ice, 
or  ice  so  cold  as  to  be  cvcrvwhore  in  tlic  .solul  state. 

Three  different  views  are  taken  ol  the  oatuie  oi  Lhhj  pheuomeaon. 
When  fiiBt  obierred  in  1850,  I  explained  it  by  eappoiiiig  that  a 
partide  of  water,  whicli  oonid  retain  the  liquid  state  whilat  touching 
lee  only  on  one  side,  could  not  retain  the  liquid  state  if  it  were 
touched  by  ice  on  both  sides ;  but  became  solid,  the  general  tem- 
perature remaining  the  same*.  Professor  J.  Thomson,  who  (h'g- 
oovered  that  pressure  lowered  the  freezing-point  of  watcrf,  attributed 
the  regelation  to  the  fact  that  two  pieces  ot  ice  could  not  be  made 
to  bear  on  each  other  without  pressure ;  and  that  the  pressure,  how-  «> 
ever  slight,  would  cause  fusion  at  the  place  where  the  partidea 
touched,  accompanied  by  relief  of  the  pressure  and  resolidification  of 
the  water  at  the  place  of  contact,  in  the  manner  that  he  has  fully 
explained  in  a  recent  communication  to  the  Royal  SociVfy:J:.  Profes- 
sor Forhfs  Rssents  to  neither  of  these  views  ;  but  admitting  Person's 
idea  of  tin  iriadual  h'quefaction  of  ice,  and  assuming  that  ice  is 
essentially  colder  than  ice-cold  water,  i.  e.  the  water  lu  contact  with 
it,  he  concludes  that  two  wet  pieces  of  ice  will  have  the  water  be- 
tween them  frosen  at  the  place  where  they  come  into  contaet§. 

Though  some  might  think  that  Professor  lliomson,  in  lus  last 
communication,  was  trusting  to  changes  of  pressure  and  tempera- 
ture so  inapprecinhly  small  as  to  ho  not  merely  imperceptible,  but 
also  inetfcctual,  still  he  carried  his  conditions  with  him  into  all  the 
cases  he  referred  to,  even  though  some  of  his  assumed  pressures 
were  due  to  capillary  attraction,  or  to  the  consequent  pressure  of  the 
atmosphere,  only.  It  seemed  to  me  that  experiment  might  he  so 
applied  as  to  advance  the  investigation  of  this  beautiful  point  in 
molecular  philosophy  to  a  further  degree  than  has  yet  becni  done ; 
even  to  the  extent  of  exhausting  the  power  of  «nme  of  the  principles 
assumed  in  one  or  more  of  the  three  views  adopted,  and  so  render 
our  knowledge  a  little  more  defined  and  exact  than  it  is  at  present. 

In  order  to  exclude  ail  pressure  of  the  particles  of  ice  on  each 
Other  due  to  capillary  attraction  or  the  atmosphere,  I  prepared  to 
experiment  altogether  under  water ;  and  for  this  purpose  arranged  a 
bath  of  that  fluid  at  32°  F.  A  pail,  surrounded  by  dry  flannel, 
was  placed  in  a  box  ;  a  glass  jar,  1 0  inches  deep  and  7  inches  wide, 
was  placed  on  a  low  frijiod  in  the  pail  ;  broken  ice  was  packed  be- 
tween the  jar  and  the  paii;  the  jar  was  iilled  with  ice-cold  water  to 
within  an  inch  of  the  top  ;  a  glass  dibh  tilled  with  ice  was  employed 
AS  a  cover  to  it,  and  the  whole  enveloped  with  dry  flannel.  In  this 
way  the  central  jar,  with  its  contents,  could  be  retained  at  the  un- 
changing temperature  of  32°  F.  for  a  week  or  tnore ;  for  a  small  piece 
of  ice  floating  in  it  for  that  time  was  not  entirely  melted  away.  All 
that  wns  required  to  keep  the  arrangement  at  the  fixed  temperature, 
was  to  renew  the  packing  ice  in  the  pail  from  time  to  time,  and  also 

*  Reiearehn  in  Chemiitry  and  Physics,  8vo.  pp.  373,  378. 

t  Mousson  says  that  a  pressure  of  13,000  atmotpbenes  lowan  the  tenperators 

of  freezing  from  0®  to  —18  Cent. 
X  PhiL  .Mag.  vol.  xix.  p.  391. 
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that  in  the  basin  cover.  A  Tery  slow  thawing  process  was  goinp  on 
in  tiie  jar  the  whole  titne^  as  was  endmt  by  the  gtate  of  me  indi* 
eating  pieee  of  ice  there  present. 

Pieces  of  good  Wenham-iake  ioe  were  prepared,  some  beii^  bloeks 

three  inches  square,  and  ncj^rly  an  inch  thick,  others  gqnare  ])r!sni'3 
four  or  five  inches  long :  the  blocks  had  each  a  hole  made  through 
them  with  a  hot  wire  near  one  comer ;  woollen  thread  passed  tli rough 
these  holes  formed  loops,  which  being  attached  to  pieces  ui  lead, 
enabled  me  to  aink  the  ice  entirely  nnder  the  surface  of  the  ioe-eold 
water.  Each  pieee  waa  thos  moored  to  a  particular  place,  and,  be- 
cauae  of  its  buoyancy,  assumed  a  position  of  stabiHty.  The  threads 
were  about  inch  long,  so  that  a  piece  of  ice,  when  depressed 
sideways  and  then  left  to  itself,  rose  in  the  water  as  far  as  it  could, 
and  into  its  stable  position,  with  consiilerable  force.  When,  also,  a 
piece  was  turned  round  on  its  loop  as  a  vertical  axis,  the  torbion 
iuice  tciided  to  make  it  return  in  the  rcTerse  direction. 

Two  aimilar  blocka  of  ice  were  placed  in  the  water  with  their 
opposed  facea  about  two  inchea  apart ;  they  could  be  moved  into 
any  deaired  poaitioB  by  the  use  of  slender  rods  of  wood,  without 
any  change  of  temperature  in  the  water.  If  brought  near  to  each 
other  and  then  left  unrestrained,  tlioy  separated,  returning  to  flu-ir 
first  position  with  considerRble  force.  If  brought  into  the  slight (  .>t 
contact,  regelatiou  ensued,  the  blocks  adhered,  and  remained  ad- 
herent notwithatanding  the  force  tending  to  pull  them  apart.  They 
wonld  eontmue  thna,  eren  for  twenty-four  houra  or  more*  unUi  they 
were  purposely  separated,  and  would  appear  (by  many  trials)  to 
have  the  adhesion  increased  at  the  points  where  they  first  touched, 
though  at  other  parts  of  the  contiiruoui  surfaces  a  feeble  thawing 
and  dissecting  action  went  on.  In  this  case,  except  for  the  first 
moment  and  in  a  very  minute  degree,  there  was  no  pressure  either 
from  capillary  action  or  any  other  cause.  On  tlie  contrary,  a 
tenaBe  force  of  coniiderable  amoantwas  tending  all  the  tame  to 
aeparate  the  pieoea  of  ice  at  their  poiota  of  adhesion ;  where  atill,  I 
believe,  the  adhesion  went  on  increaaing — a  belief  that  will  be  fully 
confirmed  hereafter. 

Being  desirous  of  knowinnr  whether  ativtbiirr:;  like  soft  adhesion 
occurred,  snch  as  woui'.I  allow  slow  thaui^e  ut'])ositlun  without  si'pa- 
laLion  duimg  the  action  ot  the  tensile  force,  i  made  tlie  tbliowing 
arrangementa.  The  blocks  of  ice  being  moored  by  the  threacU 
fastened  to  the  lowest  corners,  stood  in  the  water  with  one  of  the 
diagonals  of  the  large  surface  vertical;  before  the  faces  were 
brought  into  contact,  each  block  was  rotated  45**  about  a  horizontal 
axis,  in  opposite  directions,  so  that  when  put  together,  they  made  a 
compound  block,  with  horizontal  upper  edges,  each  half  of  which 
tended  to  be  tnisted  upon,  and  torn  iVoni  tlic  other.  Yet  by  placing 
indicators  in  holea  previously  made  m  the  edges  of  the  ioe,  I  could 
not  find  that  there  was  the  slightest  motion  of  the  blocks  in  rela- 
tion to  each  other  in  the  thirty-six  hours  during  which  the  experi- 
ment was  continued.  This  result,  as  fiir  as  it  goes,  is  against  the 
necessity  of  pressure  to  recrohtioTi,  or  the  existence  of  any  condition 
like  that  of  soilness  or  a  sliiituig  coutact  i  and  yet  I  shall  be  able  to 
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show  ilmt  there  h  either  soft  adhesion  or  nn  equivalent  for  it,  aud 
from  tliiit  btate  draw  still  further  cause  against  the  necessitjr  of  pres- 
sure to  regelation. 

ToTsion  force  was  tlien  employed  aa  an  aotagoDiBt  to  regelation. 
The  ice-blocica,  bdng  separate,  were  adjusted  in  the  water  so  as  to  be 
parallel  to  each  other,  and  about  1 1  inch  apart.  If  made  to  ap- 
proach each  other  on  one  side,  by  revolution  in  opposite  directions 
on  vertical  axo«,  a  piece  of  pnyx  r  lining  between  to  prevent  ice  con- 
tact, the  torsion  force  set  up  caused  them  to  separate  when  left  to 
themselves ;  but  if  the  paper  were  away  and  the  ice  pieces  were 
brought  into  contact,  by  however  slight  a  force,  they  became  one, 
forming  a  rigid  piece  of  ic^  though  the  strength  was,  of  course,  very 
smi^y  the  point  of  adhesion  and  solidification  being  simply  the  con- 
tact of  two  convex  surfaces  of  small  radius.  By  giving  a  Uttle 
motion  to  thr  pnil,  or  by  mo'ving  cither  piece  of  ice  gently  in  the 
water  whh  a  shp  of  wood,  it  was  easy  to  see  that  the  two  pieces  were 
rigidly  attached  to  each  other  ;  and  it  was  also  found  that,  allowing 
time,  there  was  no  more  tendency  to  a  changing  shape  here  than  in 
the  case  quoted  abore*  If  now  the  slip  of  wood  were  introduced 
between  the  adhering  pieces  of  ice,  ana  applied  so  as  to  aid  the 
torsion  force  of  one  of  the  loops,  t.  e.  to  increase  the  separating  force, 
but  unequally  as  respects  the  two  pieces,  then  the  congelation  at  the 
point  of  contnet  would  give  way,  and  the  pieces  of  ice  would  move 
in. relation  to  each  other.  Yet  they  would  not  separate;  the  piece 
unrestrained  by  the  stick  would  not  move  ofl'  by  the  torsion  of  its 
own  thread,  though,  if  the  stick  were  withdrawn,  it  would  move 
back  into  its  first  attached  position,  pullm|^  the  second  piece  with  it ; 
and  the  two  would  resume  their  first  associated  form,  though  all  the 
while  the  torsion  of  both  loops  was  tending  to  make  ue  pieces 
separate. 

If  when  the  wood  was  applied  to  change  the  mutual  position  of 
the  two  pieces  of  ice,  without  separating  tlieni,  it  were  retained  lor  a 
second  uudiaiuibed,  then  the  two  pieces  of  ice  became  fixed  rigidly 
to  each  other  in  their  new  position,  and  nudntained  it  when  the 
wood  waa  removed,  but  under  a  state  of  restraint;  and  when  suffi- 
dent  force  was  applied,  by  a  slight  tap  of  the  wood  on  the  ice  to 
break  up  the  rigidity,  the  two  pieces  of  ice  would  rearrange  tbem* 
selves  under  the  tof^ion  force  of  their  respective  threads,  yet  remain 
united  ;  and,  assnminj;  a  new  position,  would,  in  a  second  or  iesSj 
again  become  rigid,  aud  remain  Intiexibty  conjoined  as  before. 

By  managing  the  continuous  motion  of  one  piece  of  ice,  it  could 
be  kept  assodated  with  the  other  by  a  flexible  point  of  attachment 
for  any  length  of  time,  could  be  placed  in  various  angular  posittona 
to  it,  could  be  made  (by  retaining  it  quiescent  for  a  moment)  to 
assume  and  hold  permanently  any  of  these  positions  when  the  ex- 
tornnl  force  was  removed,  could  be  cliauged  from  that  position  into 
a  new  one,  and,  within  certain  limits,  could  be  made  to  possess  at 
pleasure,  and  for  any  length  of  time,  either  u  dexiblc  or  a  n^td  attach- 
ment to  its  associated  block  of  ice. 

So  regelation  includes  a  flexible  adhesion  of  the  partides  of  ice, 
and  also  a  rigid  adhesion.  The  tnnsition  between  these  two  statsf 
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takes  place  wheu  there  is  no  external  force  like  pressure  tending  to 
bring  the  particles  of  ice  together,  but,  on  the  contrary,  a  force  of 
torsion  is  tending  to  separate  them  ;  and,  if  -respect  be  had  to  the 
mere  point  of  contact  on  the  two  rounded  snrfaeeB  where  the  flexible 
adhenon  M  exercised,  the  force  which  tends  to  separate  them  may 
be  esteemed  very  great.  The  act  of  regelatum  cannot  be  considered 
as  complete  witil  the  junction  has  become  rigid ;  and  therefore  I 
think  tnnt  the  jut  ibsity  of  pressure  for  it  is  altogether  excluded. 
No  cxti  riial  ])rr-Miic  can  remain  (under  the  circumstnnces)  after  the 
first  rigid  cuulact  i:s  broken.    All  the  forces  which  remain  tend  to 

separate  the  |pieees  of  ice ;  yet  the  first  flexible  adherions  and  all  the 
sucoessiTe  rigid  adhesions  wtdGh  are  made  to  occur«  are  as  much  effects 
of  regelation  as  those  which  occur  under  the  greatest  pressure. 

The  phenomenon  of  flexible  adhesion  under  tension  look^  vpry 
■rniirli  like  sticking:  and  tenacity  ;  and  I  think  it  probable  that  i^ro- 
fessor  Forbes  \\\\\  ^cc  iii  it  evidence  of  the  truth  of  liis  view.  I 
cannot,  however,  con^^ider  the  fact  as  bearing  such  an  interpretation ; 
because  I  think  it  impossible  to  keep  a  mixture  of  snow  and  water 
for  honrs  and  days  together  without  the  temperatare  of  the  mixed 
mass  becoming  uniform ;  which  uniformity  would  l^e  fatal  to  the 
explanation.  Mv  idea  of  the  flexible  and  rigid  adhesion  is  this : — 
Two  convex  surfaces  of  ice  come  together ;  the  particles  of  water 
siearost  to  the  place  of  contact,  and  tlu'refore  within  the  efficient  sphere 
of  action  of  those  particles  of  ice  which  are  on  botli  sides  of  ihem, 
Bolidify ;  if  the  cundition  ot  things  be  left  fur  a  moment,  that  the 
heat  eyolved  by  the  solidification  may  he  conducted  awav  and  dis- 
persed, more  particles  will  solidify,  and  ultimately  enough  to  form 
a  fixed  and  rigid  junction,  which  will  remain  imtil  a  force  sufficiently 
great  to  break  througli  it  is  a)>plied.  But  if  the  direction  of  the 
force  resorted  to  can  be  relieved  hy  any  hinge-lii<e  motimi  at  the 
point  of  contnet,  then  I  think  that  the  union  is  hroken  up  among  the 
particles  ou  the  opening  side  of  the  angle,  whilst  the  particles  on  the 
closing  side  come  within  the  efiectual  relation  distance  ;  regelation 
ensues  there  and  the  adhesion  is  maintamedt  though  in  an  apparently 
flexible  state.  The  flexibilitj  appears  to  me  to  be  due  to  a  series  of 
ruptures  on  one  side  of  the  centre  of  contact,  and  of  adhesion  on  the 
other, — tlie  refj:<'lation,  which  is  dependent  on  the  vicinity  of  the  ice 
surfaces,  being  transferred  as  the  ])lace  of  efficient  vicinity  is  changed. 
That  the  substance  we  are  couBideriug  is  as  brittle  as  ice,  does  not 
make  any  difficulhr  to  me  in  respect  of  the  flexible  adhesion ;  for  if 
we  suppose  that  the  point  of  contact  exists  only  at  one  particle,  still 
the  angular  motion  at  that  point  must  bring  a  second  particle  into 
contact  (to  suffer  regelatifm)  before  separation  could  occur  at  the 
first  ;  or  if,  as  seems  proved  hy  the  supervention  of  the  rigid  adhesion 
upon  the  flcxihle  state,  many  particles  are  concerned  at  once,  it  is  not 
possible  that  all  these  should  be  broken  through  by  a  force  applied 
ou  one  side  of  the  place  of  adliesion,  before  particles  on  the  opposite 
side  should  have  the  opportunity  of  regelation,  and  so  of  continuing 
the  adhesion. 

It  is  not  necessary  for  the  observation  of  these  phenomena  that  a 
carefaUy«anranged  water-TCSsel  should  be  employedL  The  diffefence 
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between  the  flexible  and  rigid  adhesion  may  be  examined  very  wellin 
nir.  For  this  purpose,  two  of  the  bars  of  ice  before  spoken  of,  mny 
be  hung  up  horizontally  by  threads,  which  may  be  adjusted  to  give 
])y  torsion  any  separating  force  desired  ;  and  when  the  ends  of  these 
bars  are  brought  together,  the  adhesion  of  the  ice,  and  ihe  ability  of 
placing  theie  ban  at  any  angle,  and  caosin^  them  to  piceem 
that  angle  br  the  rigid  adhesion  due  to  vegelatiott,  will  be  rendned 
efident ;  ancI  though  the  flioible  adhesion  of  the  ice  cannot  in  this 
way  be  examined  alone,  becau^^e  of  the  capillary  attraction  due  to  the 
film  of  water  on  the  ice,  yet  tliiU  is  en'^ilr  obriated  by  plunging  the 
pieces  into  a  dish  of  water  at  ruinuKJti  tcmpieratures,  so  that  they  are 
entirely  under  tiie  surlace,  and  repeating  the  observations  there.  All 
the  important  points  regarding  the  flenble  and  rigid  junction  of  ice 
doe  to  fegelation,  can  in  this  waj  be  readily  infestigated. 

It  will  be  nndentood  that»  in  obserring  the  fleiible  and  rigid  state 
of  union,  convex  surfaces  of  contact  are  necessaiy,  so  that  the  contact 
may  he  only  fit  one  point.  If  there  be  several  jilaces  of  contact, 
apparent  riu'ulity  is  given  to  the  united  mass,  though  each  of  the 
places  ol  coutact  might  be  in  a  flexible  and,  so  to  say,  adhesive  con- 
dition. It  is  not  at  ail  difficult  to  arrange  a  convex  surface  so  that, 
bearing  at  two  plaoea  only  on  the  sides  of  a  depreision»  it  shonld 
form  a  flexible  joint  in  one  direction,  and  a  rigid  atCadiment  in  a 
direction  transTCrse  to  the  former. 

It  might  seem  at  fir«f  ^i^ht  as  if  the  flexible  adhesion  of  the  ice 
gave  us  a  point  to  start  frum  in  the  further  investigation  of  the  prin- 
ciple of  pressure.  If  the  application  of  pressure  causes  ice  to  freeze 
together,  the  appUcaliuu  of  teufiiou  nii^ht  be  expected  to  produce  the 
oontraiy  effect,  and  so  cause  liquidity  and  separation  at  the  flexible 
joint  This,  however,  does  not  necessarily  fii^w ;  nor  do  I  intend  to 
consider  what  might  be  supposed  to  take  place  whilst  theoretfcslly 
contemplating  that  case.  I  think  the  changes  of  temperature  and 
pressure  are  too  infinlfrsimnl  to  go  for  anything;  and  in  illustration 
of  ihhj  will  descrU)e  the  fallowing  experiment.  Wool  is  known  to 
adhere  to  ice  in  the  manner,  as  I  believe,  of  regelation.  Some  wool- 
len thread  was  boiled  in  distilled  water,  so  as  thoroughly  to  wet  it. 
Some  dean  ice  was  broken  np  smsU  and  mixed  with  water,  so  as  to 
produce  a  soil  mass,  and,  being  put  into  a  glass  jar  ch^ed  in  flan* 
nd  that  it  might  keep  for  some  hours,  had  a  linear  depression  made 
in  the  surface,  so  a''  to  form  a  little  ice-ditch  filled  with  water;  in  this 
depression  some  li laments  of  the  wetted  wool  wert-  ]ilaced,  which, 
sink  lug  to  the  bottom,  rested  on  the  ice  only  with  tlu'  wt  in;bt  which 
tlit-y  would  have  being  immersed  in  water ;  yet  lu  the  course  of 
two  hours  these  flhiments  were  flrosen  to  the  ice.  In  another  case,  a 
small  loose  ball  of  the  same  boiled  wool,  about  half  an  indi  in 
diameter,  was  pnt  on  to  a  dean  piece  of  ice  ;  that  into  a  glass  basb ; 
and  the  whole  wrapped  up  in  flannel  and  left  for  twelve  hours.  At 
the  end  of  that  time  it  was  found  that  thawing  had  been  going  on, 
and  that  the  wool  had  melted  a  hole  in  the  ice,  by  the  heat  conducted 
through  it  to  the  ice  from  the  air.  The  iiole  was  filled  with  the 
water  and  wool,  bat  ^at  the  bottom  some  fibres  of  the  wool  were 
flroaen  to  the  ice. 
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Is  this  rcmarknl5le  property  peculiar  to  water,  or  is  it  general  to 
all  bodies  ?  In  l  eaped  of  water  it  certaiiily  seems  to  offer  us  a  glimpse 
into  the  joint  physical  action  of  many  particles,  ajid  iuLo  the  nature 
of  cohesum  in  that  body  when  it  u  changing  between  the  solid  and 
liquid  state.  I  made  some  experiments  on  this  point.  Bismnth  was 
melted  and  kept  at  a  temperature  at  which  both  solid  and  liquid 
metal  could  be  present;  then  rods  of  bismutli  were  introduced,  htit 
when  they  hnd  acquired  the  temperature  of  the  mixed  mass,  no  adhe- 
sion couiii  be  observed  between  them.  By  stirring  the  metal  witlx 
wood,  it  was  easy  to  break  up  the  solid  part  into  small  crystalline 
granules  ;  but  when  these  were  pressed  together  by  wood  under  the 
aurface,  Uiere  was  not  the  slightest  tendency  to  cohere,  as  hail  or 
anow  would  cohere  in  water.  The  same  negatiTe  result  was  obtained 
with  the  metals  tin  and  lead.  Melted  nitre  appeared  at  times  to 
fihow  traces  of  the  power  ;  but,  on  the  whole,  I  incline  to  think  the 
efTccts  observed  resulted  from  the  circumstance  that  the  sohd  rods 
cjcperiuiented  with  had  not  aefpiired  throughout  the  fusiug  tempera- 
ture. Nitre  is  a  body  which,  like  water,  expands  in  solidifying;  and 
it  may  possess  a  certain  degree  of  this  peculiar  power. 

Glacial  acetic  acid  is  not  merely  without  regelating  forc^  bat 
actually  presents  a  contrast  to  it.  A  bottle  containing  five  or  six 
ounces,  which  had  remained  liquid  for  many  months,  was  at  such  a 
temperature  that  being  stirred  briskly  with  a  glass  rod  crystals  began 
to  form  in  it ;  these  went  on  incrensing  in  t^lze  and  quantity  for  eight 
or  ten  hours.  Yet  aU  that  time  there  was  not  the  slightest  trace  of 
.  adhesion  amongst  them,  even  when  they  were  pressed  together ;  and 
as  they  came  to  the  surface,  the  liquid  portion  tended  to  withdraw 
from  the  faces  of  the  crystals ;  as  if  there  were  a  didnclinafion  of  the 
liquid  and  solid  jmrts  to  adhere  together.' 

Many  salts  were  tried  (without  much  or  any  expectation), — crystals 
of  them  being  brought  to  bear  against  each  other  by  torsion  ibrce, 
in  their  saturated  solutions  at  common  temperatures.  In  this  way 
the  following  bodies  were  experimented  with: — Nitrates  of  lead, 
potasaa*  aoda;  sulphates  of  soda,  magnesia,  copper,  sine;  alum ;  borax; 
chloride  of  ammonium;  ferro^prussiate  of  potassa;  carbonate  of  soda; 
acetate  of  lead;  and  tartrate  of  potassa  and  soda ;  but  the  resulta  with 
all  were  negative. 

My  present  conclusion  therefore  is  that  the  pro|irrtY  is  special  for 
water;  and  that  the  view  I  have  taken  of  its  physical  cause  does  not 
appear  to  be  less  hkely  now  than  at  the  beginning  of  this  short 
inyestigation,  and  therefore  has  not  sunk  in  ^ue  among  the  three 
explanations  given. 

Dr.  Tyndall  added  to  one  of  his  papers*,  a  note  of  mine  "On  ice 
of  irregular  fusibility**  indicfitiiiir  n  cause  for  the  difference  observed 
in  this  respect  in  different  parts  of  the  same  piece  of  ice.  Tlie  view 
there  taken  was  strongly  confirmed  by  the  effects  which  occurred  in 
the  jar  of  water  at  constant  temperature  described  in  the  beginning 
of  the  preceding  pages,  where,  though  a  thawing  process  wm  set  up, 
it  was  so  slow  as  not  to  dissolve  a  cubic  inch  of  ice  in  six  or  seven 
dajfl.  The  blocks  retained  entirely  under  water  for  several  days « 

*  FhiloMphiCil  Tiaossctiooii  1858,  p.  228. 
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became  so  dissected  at  the  surfaces  as  to  devclope  the  mechanical 
composition  of  the  uiassc?,  and  to  sIiony  tlint  they  were  composed  of 
parallel  layers  about  the  tenth  of  an  inch  thick,  of  greater  and  lesser 
fiuibility,  which  layers  anpear,  from  other  modes  of  eiamimitioti,  to 
hvre  been  horizontal  in  tne  ice  whilst  iu  the  act  of  formation.  They 
had  no  relation  to  the  position  of  the  blocl  >  i  i  the  water  of  my  ex- 
])erimcnt?,  or  to  the  direction  of  gravity,  but  bad  a  fixed  position  in 
relation  to  each  piece  of  ice. 


Addendum. 

The  following  method  of  examining  the  regclation  phenomena  above 
descriVic'd  mnv  be  acceptable.  Tnkc  a  rather  large  di*ih  of  water  at 
common  tcmiK  i  unircs.  Prepare  some  flat  cakfs  or  bars  of  ice,  from 
half  an  inch  to  an  mch  thick ;  render  the  edges  round,  and  the  upper 
surface  of  each  piece  convex,  by  holding  it  against  the  inside  of  a 
warm  saucepan  cover,  or  in  any  other  way,  When  two  of  these  pieces 
are  pnt  mto  the  water  they  will  float,  havrng  perfect  freedom  of  motion, 
and  yet  only  the  central  part  of  the  upper  surface  will  be  above  the 
fluid  ;  when,  tlicrcfore,  the  pieces  toucli  tlieir  cdf;es,  the  width  of 
the  writer  suiiace  above  the  place  of  contact  may  be  two,  three,  or 
tour  iucht  .s,  and  thus  the  eflfcct  of  capillary  action  be  entirely  removed. 
By  placing  a  plate  of  cleau  dry  wax  or  spermaceti  upon  the  top  of  a 
piate  0^  ice,  the  latter  may  be  entirely  submerged,  and  the  tendenqr 
to  approximation  from  capillary  action  converted  into  a  force  of 
separation.  When  two  or  more  of  such  floating  pieces  of  ice  are 
brought  together  by  contact  at  some  point  under  the  water,  they 
adhere  ;  llrst  with  an  apparently  tlexible,  and  then  w  ith  a  rigid  adhe- 
sion, five  or  six  pieces  arc  grouped  in  a  contorted  shape,  as 
an  S,  and  one  end  piece  be  njoved  caretuily,  all  will  move  with  i 
rigidly ;  or,  if  the  force  be  enough  to  break  through  the  joint,  the 
mpture  will  be  with  a  cmckling  noise,  but  the  pieces  will  stul  adhere, 
and  in  an  instant  become  rigid  again.  As  the  adhesion  is  only  by 
pnint^^,  tlip  force  applied  should  not  be  either  too  powerful  or  in  the 
manner  of  a  blow.  I  tind  a  piece  of  pa])er,  a  smnll  frathrr,  or  a 
ramel-hair  brusii  applied  under  the  water  very  eoiivejuent  for  the 
uurpose.  When  Ike  point  of  a  floating  wedge-shaocd  piece  of  ice  is 
brought  under  water  agabst  the  comer  or  side  of  another  floating 
nieoe*  it  sticks  to  it  like  a  leech ;  if,  after  a  moment,  a  paper  edge  be 
brought  down  u})on  the  place,  a  veiy  sensible  resistance  to  the  rupture 
at  that  ])lacc  is  felt.  If  the  ice  be  replaced  by  like  rounded  pieces  of 
wood  or  glass,  touching  under  water,  nothing  of  this  kind  occurs,  nor 
any  signs  of  an  olTert  thnt  could  by  possibility  be  referred  tncaj)jllury 
action  ;  and  iinnliy,  li  Lwu  iluatiug  pieces  of  icehaYcseparuting  forces 
attached  to  them,  as  by  threads  connecting  them  and  two  lieht  pen- 
dnlums,  pulled  more  or  less  in  opposite  directions,  then  it  will  be  seen 
with  what  power  the  ice  is  held  together  at  the  place  of  revelation, 
when  the  contact  there  is  either  in  the  flexible  or  rigid  condition,  by 
the  velocity  and  force  with  which  the  two  ])iocea  wili  separate  whCD 
thfi  adhesion  is  properly  and  entirely  overcome. 
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OSOLOOICAL  SOCIETY* 
[Continned  from  toI.  xx*  p.  486.] 
November  21,  I860. — ^L.  Homer,  £tq.»  Preaidenl^  in  the  Chair. 
The  following  communication  was  lead 

*'  On  the  Geology  of  Bolivia  and  Southern  Peru."  By  D. 
Forbes.  Esq..  F.R.S.,  F.G.S.  With  Notes  on  the  Fossils  by  Pttrf. 
Huxley,  F.R.S.,  Sec.G.S..  and  J  W.  Salter.  Esq.,  F.G.S. 

After  some  observations  on  the  previous  researches  by  others,  and 
on  the  general  features  of  the  region,  the  author  proceeded  to  de- 
scribe the  Post-tertiary  formations  of  the  maritime  district.  These 
bede,  containing  existing  species  of  shells,  occur  at  Tarious  heights 
up  to  40  feet  aboTe  the  sea-level.  Guano  deposits  are  freqnent 
along  the  coast,  and  deposits  of  salt  also  in  raised  beaches  a  little 
nbovo  tlip  apf).  The  author  could  not  verify  I-i'mt.  Frcycr'?  ^fntc- 
ment  of  iifl/onj  and  i^fi'V/f'/jo/vr  being  attached  high  uj)thr  ^idr  nf  the 
Morro  de  Arica,  a  ])Lipciidicu1nr  cliff  nt  the  water  s  edt^e  ;  indeed, 
from  the  state  of  old  Indian  tumuli  along  the  beacli,  and  other  cir- 
cumstances, the  author  believes  that  no  perceptible  elevation  has 
here  taken  place  since  the  Spanish  Conquest,  although  such  an  alter- 
ation of  level  has  occurred  in  Chile.  The  sand>dunes  of  the  coast, 
and  their  great  mobility  during  the  hot  season,  worn  noticed.  From 
Mexilloncs  to  Arica  the  coa.st  is  .'«tet'p  and  ruL^rred,  formed  of  a  chain 
of  mountains.  3000  feet  high,  consisting  of  rocks  of  tlie  Upper  Oolitic 
age.  At  Arica  the  high  land  recedes,  leaving  u  wide  piaia  formed 
of  the  debris  of  the  neighbouring  mountains ;  and  in  the  middle  of 
thb  area  was  observed  stratified  volcanic  tuff  contemporaneous  with 
the  fonnation  of  the  gravel. 

TTie  saline  formations  were  next  treated  of  as  three  groups,  ac- 
cording to  tlieir  height  above  the  sca-level,  and  were  shown  to  be 
much  more  extensive  than  genendly  suj)posed,  extending  over  the 
rainless  regions  of  this  coatst  for  more  than  550  miles.  They  are 
mostly  developed,  however,  between  latitudes  19°  and  95°  South. 
These  salines  are  supposed  to  have  originated  in  the  evaporation  of 
sea- water  confined  in  tiiem  as  lagoons  by  the  longitudinal  ranges  of 
hills  separating  them  from  the  ocean.  The  nitrate  of  soda  had,  in 
the  author's  opinion,  resulted  from  the  chemical  reactions  of  sea-salt, 
carbonate  of  lime,  and  decom]HJb'ing  vegetable  matter  (both  terrestrial 
and  marine).  The  borate  of  lime,  occurring  with  the  nitrate,  is 
connected  with  the  volcanic  conditions  of  the  district,  and  was  pro> 
duced  by  fumaroles  containing  boradc  acid.  Where  the  highest 
range  of  salines  extend  beyond  the  rainless  region,  they  are  much 
modified  in  the  rainy  season,  and  generally  take  the  form  of  salt* 
jdnins  encircling  salt  lakes  or  swamps. 

The  great  Bolivian  jdateau,  having  an  average  elevation  of  13,000 
or  14,000  feet  above  the  sea,  consists  of  great  gravel  plains  lormed 
by  the  spaces  between  the  longitudinal  ranges  of  mountains  being 
filled  up  by  the  debris  of  these  mountains.  The  most  western 
of  these  consists  of  Oolitic  debris  with  volcanic  tuff  and  scoriee ; 
it  bears  the  salines  above-mentioned,  and  is  nearly  destitute  of 
water.  The  central  range  of  plains,  formed  from  the  disintegration 
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of  red  sandstones  and  marls,  with  some  volcanic  ^corirr,  if  well 
watered.  The  third  range  consists  of  pkiins  made  up  oi  the  d6bris 
of  Silurian  and  granitic  rocks,  and  is  auriferous.  The  thickness 
of  this  RiCeamulation  of  clays,  gravel,  shingle,  and  liouklen  », 
at  placet,  immense.  At  La  Pas  it  is  more  than  1600  feet.  Con* 
temporaneoQS  trachytic  tuff  was  found  also  in  these  deposits.  In 
freshwater  ponds  on  this  plateau,  at  a  height  of  14.000  feet  (lat. 
15°  S.),  Mr.  Forbes  found  abundance  of  Cyclas  Ch'dfn^h,  formerly 
considered  to  be  peculiar  to  the  most  southern  and  coldest  port  of 
Chile  at  the  level  of  the  sea  (lat.  45°  to  50"  S.). 

The  Yolcanic  formations  were  next  noticed.  Volcanic  action  has 
continned  certainly  from  the  pleistocene  age  to  the  present.  The 
line  of  volcanic  pnenomena  is-neaily  continuous  N.  and  S.  Cones 
are  frequent,  some  of  them  22,000  feet  high  and  upwards ;  but 
craters  are  rare.  Volcanic  matter,  both  iu  ancient  times  and  at 
present,  has  in  a  great  part  been  erupted  from  lateral  vents,  often  of 
great  longitudinal  extent  ;  recent  trachytic  lavas  from  such  orihces 
have  covered  in  some  ctu»es  more  than  100  miles  of  country.  Be- 
sides trachyte,  there  are  great  tracts  of  trachyddleritie  and  felspathio 
lavas.  On  the  whole,  in  these  South  American  lavas  silex  abounds, 
and  it  has  been  the  furst  element  in  the  rode  to  crystallize  ;  whereas 
apparently  in  granite  quartz  is  the  last  to  crystallize  and  form  the 
state  of  so-called  "  surfusion."  Didrites  (including  the  80>called 
"Andesite")  occur  in  force  along  two  parallel  N.  and  S.  lines  of 
eruption  in  this  region,  reaching  through  Cmle.  Bolivia,  and  Peru, 
for  more  than  40  degrees  of  latitude.  These  diorites,  and  more  espe- 
cially the  rocks  which  they  traverae,  are  metalliferous;  and  the 
author  looks  upon  the  greater  part  of  the  copper,  silver,  iron,  and 
other  metallic  veins  of  these  countries  as  directly  occasioned  by  the 
appearance  of  this  rock. 

Shales  and  aru^iliaceous  limestones,  with  clay-stone?,  porphyry- 
tuffs,  and  porph/ricii,  form  the  mass  of  the  U])j)er  Ooliie  formation 
of  Bolivia,  equivalent  to  Darwin's  Cretaceo-Oulitic  Series  of  Chile. 
At  Cobija  these  are  traversed  in  all  direetions  by  metallic  veins» 
chiefly  copper,  and  which,  as  before  mentioned,  appear  to  emanate 
from  tlie  diorite. 

Red  and  variegated  marls  and  sandstones,  with  gypsum  and  cu- 
priferous and  yellow  .sandstones  nud  conglomerates,  come  next  in 
order  ;  they  have  a  thickness  of  fji  H  jU  feet,  and  are  much  folded  and 
dislocated.  These  are  considered  by  the  autiior  to  resemble  closely 
the  Permian  rooks  of  Russia.  Fossil  wood  b  not  uncommon  in  some 
of  these  strata,  which  extend  for  at  least  500  miles  N.  and  8. 

Carboniferous  strata  occur«ehiefly  as  a  small,  contorted,  basin* 
shaped  series  of  limestones^  sandstones,  and  shales{»  with  abundant 
characteristic  fossils. 

TTie  quartzitpT  whleli  are  generally  supposed  to  rej)resent  the  De- 
vonian formation  in  Bolivia,  but  whicli  the  author  is  rather  disposed 
to  group  as  Upper  Silurian,  are  really  not  of  very  great  thickness^ 
but  are  very  much  folded,  and  perhaps  are  about  5000  feet  thick. 

The  Silurian  rocks  (perhaps  15,000  feet  thick)  are  well  developed 
over  an  area  of  from  80,000  to  100,000  miles  of  moimtain  ooim« 
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try,  including  the  highest  mountains  of  South  Americai  aud  giving 
rue  to  the  great  rivers  Amazon,  &e.  'These  slates*  shales,  grau* 
wackes,  and  quartzites  yield  abundant  fossils  even  np  to  the  highest 
point  reached.  20,000  feet*  The  problematical  fossiild  known  as 
Cruziana  or  Bilohifcf^  occur  not  only  in  the  Imver  beds,  but  (with 
many  other  fosfeih)  in  the  higher  part  of  the  scries. 

Lastly,  the  diflferenccs  between  the  sections  made  by  M.  D'Or- 
bigny,  M.  Pissis,  and  the  author  were  pointed  out,  though  fur  the 
most  part  di£Seult  of  explanation.  D'Orbigny  makes  the  mountain 
Illimani  to  be  granite;  it  is  slate  according  to  the  author.  M, 
Fissis  describes  as  carbcmiferous  tfae  beds  in  whiehMr.  Forbes  found 
Silurian  fossikj— and  so  on. 

*'  On  a  New  Species  of  ^fncraucJ\ema  (M. Bo/tineiistf)."  By  Fm£» 
T.  H.  Huxley.  F.R.S.,  Sec.  G.S.  &c. 

Some  bones,  fully  impregnated  with  metallic  co])pcr,  which  had 
been  brought  up  from  the  mines  of  Corocoro  in  Bolivia  were  sub- 
mitted to  Prof.  Huxley  for  exaaiination.  The  mines  referred  to  are 
situated  on  a  great  fault ;  and  the  bones  were  probably  part  of  a 
carcass  that  had  (alien  in  from  the  aurfacef-^^-the  copper-bearing 
water  of  the  mmes  having  mineralized  them.  A  cervical  and  a 
luml^  vertebra,  an  astragalus,  a  scapula,  and  a  tibia  show  com* 
plete  correspondence  in  essential  characters  with  those  bones  of  the 
great  Macrauchcnia  Patachonica  described  by  Prof.  Owen  in  the 
Appendix  to  the  *  Voyage  of  the  Beagle but  the  relative  «izc  find 
proportions  of  the  vertebra,  the  tibia,  and  the  astragalus  indicate  a 
distinct  species,  much  smaller  and  more  slender ;  and  in  some  points 
of  structure  this  new  form  (Af.  BoliviensU)  approaches  more  nearly 
to  the  recent  Auekemim  than  to  the  larger  and  fossil  species.  The 
fragments  of  the  cranium  show  some  peculiarities  of  form,  but,  on 
the  whole,  it  has  many  resemblances  to  that  of  the  Vicr.L  na. 

Prof.  Huxley  pointed  out  that  this  slender  and  ^ali-lieaded  A/ia- 
crauchenia  may  have  been  the  highland-contemporary  of  the  larger 
M»  Ptttaehonka ;  just  as  now-a-daysthe  Vicugna  prefers  tfae  moun. 
tuns,  whilst  its  larger  congener  the  Ouanaco  roama  over  the  Fata« 
gonian  plains. 

Lastly  it  was  remarked  that  as  Macrnuchenla  was  an  animal  com- 
biniriT,  to  a  much  more  marked  degree  than  any  other  known  recent 
or  fossil  uiummal,  the  peculinrities  of  certain  artiodactyles  and  perisso- 
dactyles,  and  yet  was  certainly  but  of  postpleistocene  age.  it  presents 
ft  striking  exception  to  the  commonly  asserted  doctrine  that "  mom 
generalized'*  organisms  were  confined  to  the  ancient  periods  of  the 
earth's  history.  For  similar  reasons,  the  structure  of  the  Macrmim 
chenia  is  also  inimical  to  the  idea  thafan  extinct  animal  can  always 
be  reconstructed  from  a  single  tooth  or  a  single  bone. 

"  On  the  Palaeozoic  Fossils  brought  by  Mr.  D«  Forbes  from  Bo* 
livia."    By  J.  W.  Salter.  Esq.,  F.G.S. 

The  Fossils  of  Carboniferous  age  brought  home  by  Mr.  Forbes 
are  the  weii-known  species  described  by  D'Orbigny.  Several  are 
identical  with  European  forma  (as  Produetii$  Martini,  &c.).  and  are 
cosmopolitan ;  othen  are  peculiar  to  tfae  district  (as  S^nrifer  Ctmdor, 
OrikM  Audit,  ftc«). 


* 


DigitizeO  by  GoOgle 


XnUXUgence  and  Miscellaneous  Articles,  IBT 


Mr.Forbea  has  brought  a  Devonian"  triblnte  (PA«co;>a  latifrons 
or  Pk,  Bu/o),  in  a  rolled  pebble,  from  Oruro  :  it  a  widely-spread 
species.  Another  allied  form  was  found  by  Mr.  Pentland,  many 
years  back,  at  Aygatcbi.  In  other  respects  the  "  Devonian  "  evidence 
is  scanty.  * 

la  Mr.  Forbes'a  ftue  collection  of  Silurian  foBsiU  none  of  D'Or- 
bilgny's  ten  Silurian  species  occur ;  nearly  all  are  sucli  as  are  met 
vmk  in  Lower  Devonian  and  in  Upper  Silurian  rocks — Homalonotus, 
TentaeiUifes,  Orthis,  Ctenodonta,  Pileopsis  (?),  Strophomena,  Beliero- 
phon.  South  Africa  and  the  Falkland  Isles  yield  a  similar  fossil 
fauna. 

The  Bilobilts  in  this  collection  differ,  some  of  them  probably  ge- 
nericaily.  from  D'Orbigny'a  figured  species.  A  little  Beyriehia  from 
the  upper  part  of  the  Silurian  series  in  Bolivia  appears  to  be  like  a 
North  American  form  figured  by  Emmons  as  Silurian. 


XXIV.  Inteiiigence  and  Miscellaneous  Articles^ 

ON  THE  POLARISATION  Of  LIGHT  BT  DIPV08I0N*    BT  O.  OOVI. 

THE  polarization  of  atmospheric  lipfat  has  long  since  proved  that 
grses,  as  well  as  solid  and  liquid  bodies,  have  the  property  of 
polarizing  light ;  but  I  am  not  aware  that  any  direct  experiments 
have  been  made  to  prove  the  presence  of  polarizing  power  in  the 

case  of  gnscs. 

I  was  led  to  the  consideration  of  this  question  by  the  polariscopic 
study  of  the  light  of  comets  ;  and  the  idea  occurred  to  me  to  inves- 
tigate how  a  pencil  of  light  would  be  aflfected  by  being  transmitted 
through  a  certain  thickness  of  a  gaseoos  medium  in  wUch  it  was  re* 
fleeted  or  diffused. 

The  experiment  was  made  in  the  following  manner: — A  thick 
pencil  of  the  sun's  rays,  reflected  from  a  heliostat,  was  allowed  to 
pass  into  a  dark  room,  through  a  liole  in  the  window-shutter.  This 
light  was  principally  reflected  from  metal,  and  showed  very  feeble 
traces  of  polarization.  A  large  quantity  of  smoke  was  then  pro- 
duced by  burning  incense ;  and  the  pencil  immediately  expanded  and 
formed  a  large  cylinder,  which  difl^used  white  light  in  all  directions. 
This  light,  when  investigated  by  a  polariscope,  was  found  to  be  po- 
larized even  when  the  cylinder  was  viewed  at  right  angles  to  its 
axis ;  but  the  intensity  of  the  i)olarization  was  truly  extraordinary 
when  the  direction  of  the  visual  ray,  on  the  side  of  the  source  of  light, 
formed  a  somewhat  small  angle  with  the  axis  of  the  cylinder :  one 
would  have  said  that  the  phenomenon  was  caused  by  the  action  of 
a  solid  or  liquid  body  on  the  molecules  of  the  ether.  Viewing  the 
cylinder  in  this  direction,  the  polarization  perceptibly  decreased  on 
approaching  the  source  of  light  or  removing  from  it.  The  light  pro- 
ceeding from  the  column  of  smoke  seen  by  reflexion  upon  the 
aperture  was  only  feebly  polarized. 

Excepting  in  its  intensity,  the  above  phenomenon  presents  nothing 
extraordinary ;  but  for  a  physicist  the  circumstance  appears  to  me 
important,  that  the  light  polarized  by  diffusion  does  not  seem  to  arise 
from  a  simple  reflexion  firom  gas  moteeuks,  iof  its  |dane  of  polar* 
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iiation  IS  at  right  angles  to  the  plane  in  which  the  reHeicion  ought 
to  occur.  For  on  examiniog  the  cylinder  of  light  round  its  axis  ia 
the  direction  of  the  maxima  of  polarization,  it  was  found  that  the 
light  proceeding  from  it  was  polarized  tangential  to  tliat  point  of  the 
surface  of  the  cylinder  towards  which  the  polariscope  was  directed. 
Whether  tlie  plane  of  polarization  becomes  removed  by  its  repeated 
reflexions  from  the  gas  moleeules,  or  whether  the  action  of  gases 
under  certain  circumstances  is  analogous  to  that  of  refracting  hodies, 
are  questions  which  hitherto  I  have  not  been  able  to  decide  by  ex- 
periment. 

I  endeavoured  to  depolarize  the  lifrht  completely  on  its  entry  into 
the  dark  room,  by  allowing  it  to  pass  through  a  thin  sheet  of  white 
paper ;  but  the  phenomena,  with  the  exception  of  the  intensity  of 
the  light,  were  quite  the  same. 

Light  polarixed  by  reflexion  from  a  blade  glass  experienced  no 
perceptible  change  by  the  action  of  the  smoke,  and  its  plane  of 
polarization  always  retained  its  original  direction. 

It  i"  possible,  by  suitably  regulating  the  incident  quantity  of  po- 
larized hgiit.  to  succeed  in  findhig  a  limit  to  the  action  of  the  i::as 
molecules,  beyond  which  the  original  polaiization  of  the  pencil  pre- 
ponderates over  the  molecular  forces  of  the  medium  which  the  light 
has  to  penetrate* 

The  reladons  which  these  facts  may  possibly  bear  to  the  pheno* 
mena  of  atmof>pheric  polarization,  and  perhaps  also  to  fluorescence 
and  the  peculiar  colour  of  bodies,  have  induced  me  to  publish  these 
observations,  spite  of  their  incomijleteness 

Some  dciya  after  the  preceding  LX]ieiiments  had  been  laid  before 
the  Academy,  I  repeated  them  with  more  sensitive  polariscopes,  and  1 
found  exactly  the  same  facts ;  I  can  fiirther  state  that  the  plane  of 
polarisation  of  diffused  light  suddenly  rotated  on  passing  the 
direction  in  which  I  had  seen  all  trace  of  polarization  disappear  in  my 
previous  experiments. 

Ilius  on  rcccivinj^  in  the  polariscojx^  the  rays  emanatin^r  from  the 
luminous  track  produced  by  the  passage  of  the  pun's  light,  or  of  the 
electric  light,  through  the  smoke  of  incense,  it  is  hmnd  that  under  a 
small  inclination  (the  angles  being  measured  fioni  the  luminous 
source)  the  polarization  of  diflused  light  is  already  very  perceptible ; 
ihat  it  increases  up  to  a  certain  angle,  which  is  the  maximum ;  it  then 
decreases,  and  at  the  normal  it  is  almost  nil.  Up  to  this  point  the 
plane  of  polarization  is  perpendicular  to  the  plane  which  passes 
through  the  Foiirre  of  light,  the  jilace  obser\'ed,  and  the  eye  or  the 
polariscope.  Above  90"^,  the  polarization,  although  very  feeble,  reap- 
pears, but  its  plane  is  then  perpendicular  to  the  hrst  plane.  Still 
Imrther  it  diminidies  very  rapidly,  and  the  diffused  light  soon  shows 
no  sensible  traces  of  polarixed  rays. 

J  have  investigated  the  smoke  of  tobacco  in  the  same  way ;  and 
the  results  were  the  sami^  thougli  the  angle  at  which  I  found  the 
neutral  })oint  and  the  reversal  of  t!  r  |  hme  of  polarization  was  perhaps 
a  little  less  than  with  tlie  smoke  ut  incens^e. 

It  is  possible  that  the  nature  of  the  diffused  particles  has  an  ap- 
preciable influence  on  these  phenomena,  aiid  that  ditl'ereut  gases  (if 
gases  do  diffuse  light),  vapours,  and  powders  may  in  this  manner  be 
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iliftinguished.  I  propose  to  undertake  a  series  of  expenmcnta 
fi  uni  this  point  of  view,  the  resulu  of  which  I  shall  lay  before  tho 
Academy. — Coinpies  Rendus,  Sept.  3,  and  Oct.  29t  I860. 


ON  ELECTRIC  END08M08E.     BT  M.  C.  MATTEUCCI. 

Hsnng  recently  had  oceaBton  to  examine  into  the  constrnetion 
and  operation  of  the  galvanic  batteries  used  in  our  telegiaph  oRices, 
I  have  been  led  to  make  certain  original  experiments  on  the  Bttbjeet 

of  electric  endosmose,  a  short  description  of  which,  as  they  seem  to 
'throw  fome  light  on  the  true  nature  of  the  phenomenon  in  question, 
I  hciz  to  lav  hefore  the  Academy.  MM.  Porret  and  Becquerel  were 
tiic  hist  who  ciiilcd  attentiou  to  the  fact  that  a  liquid  mass,  sepa* 
lated  into  two  compartments  by  a  porous  diaphragm,  and  traversed 
by  an  electrio  onirent*  appears  to  be  transported  in  the  direction  of 
that  current :  that  is  to  say,  the  level  of  the  liquid  is  lowered  in  the 
compartment  that  contains  the  positive  pole,  and  raised  in  that  which 
rontRiTi*'  thn  nrc;ntive  pole.  The  determination  of  the  law  of  this 
plu  iKuuenou  is  due  to  .M.  Wiedemann,  who  proved  that  the  quantity 
of  water  transported  is  directly  proportiouai  to  the  inteusiLy  of  the 
current  and  the  electric  resistance  of  the  liquid.  M.  Wiedemann 
seems  to  have  regarded  this  mechanical  effect  of  the  current  aa  a 
different  phenomenon  from  its  electrolytic  action ;  while  other  phy« 
Fici^^ts  have  considered  that  the  transportation  of  the  liquid  was  only 
a  secondary  effect  of  electrolysis.  I  should  mention  also  that 
MM.  Van  iireda  and  Logemann  have  in  vain  endeavoured  to  as- 
certain whetiier,  lu  the  absence  of  a  diaphragm,  there  is  any  displace- 
ment of  the  electrolysed  liquid*  or  whether  a  very  light  moveable 
diaphragm  is  itself  displaced  in  the  direction  of  the  cnnent.  Theo* 
letical  considerations,  which  easily  sug^st  themselves  to  the  mind* 
and  which  I  need  not  here  specify,  founded  on  the  equality  of  the 
electrolytic  effect?,  whether  endosmoee  he  produced  or  not,  p^ivc 
probahiUty  to  tiie  conclusion  that  these  phenomena  are  causi  d  by 
some  secondary  action  of  electrolysis.  The  following  experiments 
seem  to  show  that  diis  suppositKm  is  cotreet. 

I  divided  a  rectangular  vessel  of  varnished  wood  into  six  com* 
partments,  by  means  of  diaphragms  of  porous  porcelain.  All  these 
compartments  were  filled  to  the  same  height  with  well*water,  the 
level  of  which  was  indicated  by  a  line  of  white  varnish.  A  platinnm 
plate  of  the  same  size  as  the  diaphraernis  was  placed  in  each  of  the 
end  compartments,  Through  tlus  apparatus  I  caused  a  current  to 
pass,  produced  sometimes  by  10,  sometimes  by  15,  and  sometimes  by 
20  oells  of  a  Grove's  battery.  The  endosmose  became  apparent  after 
the  current  had  lasted  for  some  hours,  and  in  every  case  the  first 
effect  produced  was  as  follows  : — The  level  of  the  liquid  was  raised 
in  the  compartment  that  contained  the  ne^tive  electrode,  and  was 
lowered  iu  the  compartment  next  to  it,  while  it  was  lowered  in  the 
compartment  that  contained  the  positive  electrode  (though  to  a  less 
degree  than  it  was  elevated  in  the  compartment  at  the  opposite  ex- 
tremity), and  raised  in  the  adjoining  compartment.  These  efiecta 
were  invariably  produced,  notwithstanding  the  change  of  the  dia* 
phragm  and  the  reveml  of  the  position  of  the  vesiel  with  respect  to 


Digitizeu  Lj  vjQOgle 


160  InidSffencB  md  MitceOmmus  Articles. 


the  electrodes.  Floats  may  be  put  in  all  the  compartments,  except 
those  containing  the  platinum  platen,  in  which  the  liquid  is  too  much 
agitated  by  gaseous  bubbles  due  to  electrolysation ;  and  on  viewing 
these  floats  with  a  glass,  the  displacements  1  have  described  become 
sensible  much  earlier.  In  the  intermediate  comportments  the  liquid 
remains  stationary 'Jor  several  hours;  hut  after  a  certain  time  the 
liquid  begins  to  rise  in  the  compartments  towards  the  positive  pole, 
and  to  fall  in  those  towards  the  negative  pole.  I  shall  mention  but 
cue  precaution  whlrh  must  not  be  neglected  in  these  experiments, 
namely,  that  the  diaphragms  must  be  as  equal  as  possible. 

In  a  second  series  of  experiments  I  closed  one  end  of  each  of  two 
glasa  tubes  with  a  porcelain  diaphragm  fixed  with  roaatic.  Each 
of  these  tubea  was  then  placed  in  a  glass  vessel,  and  both  vessela 
and  tubes  were  filled  to  the  same  height  with  well-water.  The  same 
currcntpassed  through  both  tube,  in  each  case  passing  from  the  water 
in  the  vep«cl  to  that  in  the  tube,  the  onlv  ditfcrence  beiuK  in  the 
position  of  the  platinum  electrodes,  which  in  the  cue  case  were  very 
neui  the  diajjhragm,  while  in  the  other  they  were  placed  at  tiie 
greatest  possible  dtstanee  from  it.  Under  these  circumstancea  I  in- 
variably found  that  the  electric  endosmose  made  its  appearance  much 
sooner,  and  with  much  greater  intensity  in  the  first  case  than  in  the 
second. 

I  shall  not  stop  to  discuss  the  consequences  of  these  experiments, 
since  they  appear  to  me  to  be  obvious,  and  to  jnove  that  the  phenome- 
non in  question  la  no  other  iliau  that  mentioned  above,  that  is  to  say,  a 
case  of  endosmose  produced  by  ehanges  in  tiieoomposition  of  the  liquid 
in  contact  with  the  two  electrodes.  I  should  mention  here  that  the 
liquid  round  the  positive  electrode  always  acqoires  an  acid  reaction^ 
while  that  round  the  negative  electrode  becomes  alkaline,  and  that 
tbfse  effects  are  produced  even  when  distilled  water  is  employed.  1 
did  not  content  myself  with  the  ancient  experiments  of  Dutrochet, 
which  prove  that  there  is  a  current  of  endosmose  from  uu  acid  liquid 
to  water,  from  water  to  an  alkaline  liquid,  and  from  an  acid  to  an 
alkaline  liquid.  I  repeated  the  experiment  with  the  two  liquids 
which  had  been  in  contact  witii  the  electrodes  as  described  above, 
sometimes  making  use  of  both  of  the  liquids,  sometimes  testing  each 
of  them  separately  with  pure  water.  I  invariably  found  that  there 
was  endosmose  from  the  liquid  that  had  been  in  contact  with  the 
positive  electrode  to  pure  water,  and  irom  pure  water  to  the  liquid 
that  had  been  in  contact  with  the  negative  electrode.  It  appears 
therefore  that  the  conditions  for  the  production  of  ordinary  endosmose 
are  undoubtedly  present  in  the  phenomenon  celled  electric  endos- 
mose. I  should,  however^  observe  that  the  amount  of  displacement 
by  endosmose  is  much  less  when  the  liquids  which  have  been  in 
contact  with  the  electrodes  are  experimented  on  simply  without 
any  Llectric  current,  and  that  it  is  hardly  perceptible  in  the  case  of 
ciec truly 3ed  distilled  water.  Without  attempting  to  explain  all  the 
phenomena  of  electric  endosmose,  it  seems  natural  to  suppose  that 
the  presence  of  electricity,  and  the  peculiar  state  in  which  the  ele- 
ments of  electrolysation  are  produced,  give  to  these  products  pro- 
perties wluch  influence  the  cftert  of  e^idosmose,  and  which  ceasC 
with  the  cessation  of  the  current. — Cotnptes  Rendus,  Dec.  I860. 
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XXV.  On  Physical  Lines  ojj  Force.    By  J.  C.  Maxwell,  Pro- 
fessor of  Aaiural  Philosophy  in  Kind's  College,  London*. 

Pakt  L — The  Theory  of  Molecular  Vorticee  tg^Ued  to  Magnetic 

Phenomena, 

IN  all  phenomeiia  involving  attractions  or  repulsions,  or  any 
forces  depending  on  the  relative  position  of  bodies,  we  have  « 
to  determine  the  magnitude  and  dirertimf  of  the  force  which 
would  act  ou  a  given  body,  if  placed  in  a  given  position. 

In  the  case  of  a  body  acted  on  by  the  gravitation  of  a  splicrc, 
this  force  is  inversely  as  the  square  of  the  distance,  and  in  a 
straight  line  to  the  centre  of  the  spliere.  In  the  case  ot  two 
attracting  spheres,  or  of  a  body  not  sphcncal,  the  masniitudc 
and  duccLioa  of  the  force  vaiy  according  to  more  complicated 
laws.  In  electric  and  magnetic  phenomena,  the  magnitude  and 
direction  of  the  resultant  force  at  any  point  is  the  main  subject 
of  investigation.  Suppose  that  the  direction  of  the  force  at  any 
point  is  known,  then,  if  we  draw  a  line  so  that  in  every  part  of 
Its  course  it  eoineides  in  direction  with  the  force  at  that  point, 
this  line  may  be  called  a  hne  of  force^  since  it  indicates  the 
direction  of  toe  force  in  every  part  of  its  course. 

By  drawing  a  sufficient  number  of  lines  of  force,  we  may 
indiratp  the  direction  of  the  force  in  every  part  of  the  space  in 
which  it  acts. 

Thus  if  we  strew  iron  tilings  on  paper  near  a  magnet,  each 
filing  will  be  magnetized  by  induction,  and  the  consecutive 
filino:?*  will  unite  by  their  opposite  poles,  so  as  to  form  fibres, 
and  these  fibres  will  iiuiwate  the  direction  of  the  lines  of  force. 
The  beautilul  illustration  of  the  presence  of  magnetic  force 
afforded  by  this  experiment,  naturally  tends  to  make  us  think  of 

•  Communicated  by  the  Author. 
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tbe  lines  of  foree  as  something  ledy  snd  as  indicating  someUiittg 
more  than  the  mere  resultant  of  two  foioes,  whose  seat  of  actbn 

is  at  a  diBtancei  and  which  do  not  exist  there  at  all  until  a  mag- 
net is  placed  in  that  part  of  the  field.  We  are  dissatisfied  with 
the  explanation  founded  on  the  hypothesis  of  attractive  and 
repellent  forces  directed  towards  the  magnetic  poles,  even  though 
we  may  liave  satisfied  ourselves  that  the  phenomenon  is  in  strict 
accordance  with  that  hypothesis,  and  we  cannot  help  thinking 
that  in  eveiy  place  where  we  find  these  lines  of  force,  some  phy- 
sical state  or  action  must  exist  in  sufficient  energy  to  produce  the 
actual  phenomena. 

My  object  in  this  paper  is  to  clear  the  way  for  speculation  in 
this  direction,  by  investigating  the  mechanical  results  of  certain 
states  of  tension  and  motion  in  a  medium,  and  comparing  these 
with  the  observed  phenomena  of  magnetism  and  electricity.  By 
pointing  out  the  mechanical  oonsequencea  of  audi  hypothesesi  1 
hope  to  be  of  some  use  to  those  who  eonsidn  the  phenomena  as 
dne  to  the  action  of  a  medium^  but  are  in.  doubt  as  to  the  relstion 
of  this  hypothesis  to  the  experimental  laws  already  established, 
which  have  generally  been  expressed  in  the  language  of  other 
hypothcBes. 

I  have  in  a  former  paper*  endeavoured  to  lay  before  the  mind 
of  the  geometer  a  dear  conception  of  the  relation  of  the  lines  of 

force  to  the  space  in  which  they  are  traced.  By  making  use  of 
the  conception  of  currents  in  a  fluid,  I  showed  how  to  draw  lines 
of  force,  which  should  indicate  by  their  number  the  amount  of 
force,  so  that  each  line  may  be  called  a  unit-line  of  force  (sec 
Faraday*s  'Researches,'  3122) ;  and  I  have  investigated  the  path 
of  the  lines  where  they  pass  from  one  medium  to  another. 

In  the  same  paper  I  have  found  the  geometrical  sii^nificance 
of  the  Electrotonic  State,''  and  have  shown  how  to  deduce  the 
mathematical  relations  between  the  electrotonic  state,  magnetism, 
electric  eurrentsi  and  the  deetromotive  force,  using  mechanical 
illustrationa  to  assist  the  imagination,  but  not  to  account  for  the 
phenomena. 

I  propose  now  to  examine  magnetic  phenomena  from  a  media* 
nicd  point  of  view,  and  to  determine  what  tensions  in,  or  motions 
of,  a  medium  are  capable  of  producing  the  mechanical  phdio* 
mena  observ  ed.  If,  by  the  same  hypothesis,  we  can  connect  the 
phenomena  of  magnetic  attraction  with  electromagnetic  phe- 
nomena and  with  those  of  induced  currents,  we  shall  have  found  a 
theory  which,  if  not  true,  can  only  be  proved  to  be  erroneous  by 
experiments  which  will  greatly  enlarge  our  knowledge  of  this 
part  of  physics. 

*  See  a  paper  "  On  Faraday's  Lines  of  Foraei"  Cambridge  PbikMophicd 
Tranaactiona,  vol*  z.  part  1. 
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The  mechanical  conditions  of  a  medium  under  magnetic  in- 
fluence have  been  yanoualy  conceived  of,  as  eimentt^  nndula* 
tionSf  or  itaAet  of  diaplacament  or  strain,  or  of  preaiure  or  stresi. 

Cnnreiitiyiiramg  nom  the  north  pole  and  entering  the  south 
pole  of  a  magnety  or  drcoUiting  ronnd  an  electrk  eonent^  have 
the  advantage  of  repretenting  correctly  the  geometrical  irrange- 
ment  of  the  lines  of  force,  if  we  eomd  account  on  mechanical 
principlea  lor  the  phenomena  of  attraction,  or  for  the  cnrrenta 
themiclvea^  or  explain  their  continued  existence. 

Undulations  issuing;  irom  a  centre  would,  according  to  the  cal- 
culations of  Professor  Challis,  produce  an  effect  similar  to  attrac* 
tiou  in  the.  direction  of  the  centre ;  but  admitting  this  to  be  true, 
we  know  that  two  series  of  undulations  travLrsm^  the  saiiiC  space 
do  not  combine  into  one  resultant  as  two  attractions  do,  but  pro- 
ducean  effect  depending  on  relations  oi phase  as  well  as  intensity, 
and  if  allowed  to  proceed,  they  diverge  from  each  other  without 
auy  mutual  actiou.  In  fact  the  mathematieal  laws  of  attractions 
are  not  analogous  in  any  respect  to  those  of  undulations,  while 
they  have  remarkable  analogies  with  those  of  currents,  of  the 
eonduetion  of  heat  and  electricitv,  and  of  dastie  bodiea. 

In  the  Cambridge  and  Dublin  Mathematical  Journal  for 
Jannarj  1847,  Profeasor  William  Thomson  has  given  a  Mecha- 
nical Bqpresentation  of  Electric^  Magnetic,  and  Galvanic  Forcea/* 
by  means  of  the  displacements  of  the  particles  of  an  elaatie  solid 
in  a  state  of  strain.  In  thia  representation  we  must  make  the 
angular  di^lacement  at  every  point  of  the  solid  proportional  to 
the  magnetic  force  at  the  corresponding  point  of  the  magnetic 
field,  the  direction  of  the  axis  of  rotation  of  the  displacement 
corresponding  to  the  direction  of  the  inaii'netic  force.  The  abso- 
lute displacement  of  any  piirtielc  will  then  correspond  in  magni- 
tude aiu^  direction  to  that  which  I  have  identified  with  the  elec- 
trotonie  state  ;  and  the  relative  displacement  of  any  particle, 
considered  \s  ith  reference  to  the  particle  in  its  immediate  neigh- 
bourhuudj  will  correspond  in  magnitude  and  direction  to  the 
quantity  oi"  electric  current  passing  through  the  coi  lesponding 
point  of  the  magneto-electric  field.  The  author  of  this  method 
of  representation  does  not  attempt  to  explain  the  origm  of  the 
obsetved  forces  by  the  cftets  due  to  these  strsina  in  tiie  elastic 
solid,  hut  makes  use  of  the  mathematical  analogies  of  the  two 
problems  to  assist  the  imagination  in  the  studhr  of  both. 

We  come  now  to  consider  the  magnetic  influence  as  eiisting 
in  the  form  of  some  kind  of  pressure  or  tension^  or,  more  gene- 
rally, of  itresB  in  the  medium. 

Stress  is  action  and  reaction  between  the  consecutive  parts  of 
a  body,  and  consists  in  general  of  pressures  or  tensions  different 
in  different  directions  at  the  same  point  of  the  medium. 
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The  nct^sary  relations  ainong  these  forces  have  been  in- 
vestigated by  matheniaticiaijs  ■  and  it  has  been  shown  llial  the 
most  general  type  of  a  stress  consists  of  a  combination  of  three 
principal  pressures  or  tensions,  in  directions  at  right  angles  to 
each  other. 

When  two  of  the  principal  pressures  are  equal,  the  third  be- 
comes an  axis  of  symmetry,  either  of  greatest  or  least  pressure^ 
thepressares  at  right  angles  to  this  axis  being  all  equal. 

When  the  three  principal  pressures  are  equal,  the  pressure  is 

equal  in  every  direction,  and  there  results  a  stress  ha?ing  no 
Jetenninute  axis  of  direction,  of  which  we  have  an  example  in 
simple  hydrostatic  pressure. 

The  general  type  of  a  stress  is  not  suitable  as  a  representation 
of  a  magnetic  force,  because  a  line  of  magnetic  forcp  has  direc- 
tion mid  intensity,  but  has  no  third  qnahty  iudicatnig  any  dif- 
ference between  the  sit/es  of  the  line,  which  would  be  analogous 
to  that  observed  in  the  ease  of  polarized  light*. 

We  must  therefore  represent  the  magnetic  force  at  a  jioint  by 
a  stress  having  a  single  axis  of  greatest  or  least  pressure,  and  all 
the  pressures  at  right  angles  to  this  axis  equal.  It  may  be 
objected  that  it  is  inconsistent  to  represent  a  line  of  force,  which 
is  essentially  dipolar,  by  an  axis  of  stress,  which  is  necessarily 
isotropic ;  but  we  know  that  every  phenomenon  of  action  and  re- 
action is  isotropic  in  its  results,  because  the  effects  of  the  force 
on  the  bodies  between  which  it  acts  are  equal  and  opposite, 
while  the  nature  and  origin  of  the  force  may  be  dipolar,  as  in 
the  attraction  between  a  north  and  a  south  pole. 

Let  us  next  consider  the  mechanical  effect  of  a  state  of  stress 
symmetrical  about  an  axis.  We  may  resolve  it,  in  all  cases,  into 
a  simple  hydrostatic  pressure,  combined  with  a  simple  pressure 
or  tension  aloti^  the  axis.  Wlien  the  axis  is  that  of  greatest 
pressure,  the  force  along  tlie  axis  will  be  a  pressure.  When  the 
axis  is  that  of  least  pressure,  the  force  along  the  axis  will  be  a 
tension. 

If  we  observe  the  lines  of  force  between  two  magnets,  as  in- 
dicated by  iron  filings,  we  shall  see  that  whenever  the  lines  of 
force  pass  from  one  pole  to  another,  there  is  attraction  between 
those  poles;  and  where  the  lines  of  force  from  the  poles  avoid 
each  other  and  are  dispersed  into  space,  the  poles  rqtd  each 
other,  so  that  in  both  cases  they  are  drawn  in  the  diraetion  of 
the  resultant  of  the  lines  of  force. 

It  appears  therefore  that  the  stress  in  the  axis  of  a  line  of 
magnetic  force  is  a  tension,  like  that  of  a  rope. 

If  we  calculate  the  lines  of  force  in  the  neighbourhood  of  two 
gravitating  bodies,  we  shall  find  them  the  same  in  direction  as 

«  See  Fanday't  *  Retewrehes,'  d2fi2. 
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those  near  two  magnetic  poles  of  the  same  iiaoie;  but  wc  kuovv 
tlmt  the  mechanical  effect  is  that  *of  attraction  instead  of  re- 
pulsion. The  lines  of  force  in  this  case  do  not  run  between  the 
bodies,  but  avoid  each  other,  and  arc  dispersed  over  space.  In 
order  to  produce  the  effect  of  attraction,  the  stress  along  the 
lines  of  gravitating  force  mnat  be  ti  pressure. 

Let  us  now  sappose  that  the  phenomena  of  magnetiam  depend 
on  the  exiatence  of  a  tension  in  the  direction  of  the  linea  of  force, 
combined  with  ar  hydrostatic  pressure ;  or  in  other  words,  a  pres< 
sure  greater  in  the  equatorial  than  in  the  axial  direction :  tjie 
next  qoestion  is,  what  mechanical  explanation  can  we  give  of 
this  inequality.of  pressures  in  a  fluid  or  mobile  medium  ?  The 
explanation  which  most  readily  occurs  to  the  mind  is  that  the 
excess  of  pressure  in  the  equatorial  direction  arises  from  the 
cent  riruf::;nl  force  of  vortices  or  eddies  in  the  medium  having  their 
axes  in  directions  parallel  to  the  lines  of  force. 

This  explanation  of  the  cause  of  the  inequality  of  pressures 
at  once  suggests  the  means  of  representing  the  dipolar  character 
of  the  line  of  force.  Every  \ ortcx  is  essentially  dipolar,  the  two 
extremities  of  its  axis  being  disunguished  by  the  direction  oi  its 
revolution  as  observed  from  those  points. 

We  also  know  that  when  electricity  circulates  in  a  conductor, 
it  produces  lines  of  magnetic  force  passing  through  the  cirenitj 
the  direction  of  the  lines  depending  on  the  direction  of  the  cir* 
culation.  Let  us  suppose  that  the  direction  of  revolution  of  our 
vertices  ia  that  in  which  vitreous  eleetricit;^  must  revolve  in  order 
to  produce  lines  of  force  whose  direction  within  the  circuit  ia  the 
same  as  that  of  the  given  lines  of  force. 

We  shall  suppose  at  present  that  ail  the  vortices  in  any  one 
part  of  the  field  are  revolving  in  the  same  direction  about  axes 
nearly  parallel,  but  that  in  passing  from  one  part  of  the  field  to 
another,  the  direction  of  the  axes,  the  velocity  of  rotntion,  imd 
the  density  of  the  substance  of  the  vortices  are  subject  to  change. 
We  shall  investigate  the  resultant  mechanical  effect  upon  an 
element  of  the  medium,  and  from  the  mathematical  expression 
of  this  resultant  we  shall  deduce  the  physical  character  of  its 
different  eomponcnt  parts. 

Prjcy.^I.—If  in  two  fluid  systems  geometrically  similar  the 
velocities  and  densities  at  corresponding  points  are  proportional, 
thai  the  differences  of  pressure  at  corresponding  points  due  to 
the  motion  will  vary  in  the  duplicate  ratio  of  the  vdodtiea  and 
the  simple  ratio  of  the  densities. 

Let  Ihe  the  ratio  of  the  linear  dimensions,  m  jthat  of  the  velo- 
cities, n  that  of  the  densities,  mdp  that  of  the  pressures  due  to 
.the  motion.  Then  the  ratio  of  the  masses  of  corresponding  por- 
tionawill  be  l\  and  the  ratio  of  the  velocities  acquirea  in 
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traversing  similar  parts  of  the  systems  will  be  m ;  so  that  l^mn 

18  the  ratio  of  the  momenta  acquired  by  similar  portioDt  in 

tmerriug  dmilar  parts  of  their  mihs. 

The  ratio  of  the  sorfacea  ia  P,  that  of  the  Ibreea  acting  on 

them  is  /*p,  and  that  of  the  timea  dnring  which  they  act  ia 

/  . 

80  that  the  ratio  of  the  impulse  of  the  forces  ia  — .  and  we 

have  DOW  ^nm—  ^ 

m* 

or  ' 

that  is,  the  rutio  oH  tiie  pressures  due  to  the  raotiou  [p]  is  com- 
pounded of  the  ratio  of  the  densities  (n)  and  the  duplicate  ratio 
ni  the  velocities  {m  '),  and  does  not  d^^d  on  the  linear  dimen- 
sions of  the  moving  systms. 

In  a  cucnlar  vortex^  rsfolving  with  uniform  angular  velocity, 
if  the  pressure  at  the  axis  is  that  at  the  eirenmference  wiU  be 
Pi^Po+ip^\  where  p  is  the  density  and  v  the  velocity  at  the 
circumference.   The  mean  preuure  parallel  to  the  axia  will  be 

If  a  number  of  such  vortices  were  placed  together  side  by  side 
with  their  axes  parallel,  they  would  form  a  medium  in  which 
there  would  be  a  pressure parallel  to  the  axes,  and  a  pressure 
j>i  in  any  perpendicular  direction.  If  the  vortices  are  circular^ 
and  have  nniform  angular  velocity  and  density  thiou§^out^  then 

If  the  vortices  are  not  circular,  and  if  the  angular  velocity  and 
the  density  are  not  uniform,  but  vary  according  to  the  same  law 
for  all  the  vortices, 

where  p  is  the  mean  density,  and  C  is  a  numencal  quantity  de- 
pending  on  the  distribution  of  angular  vebcity  ana  density  in 

the  vortex.   In  futore  we  shall  write  ^  instead  of  Cp,  so  that 

Pi-Pi^^H'^t  U) 

where  /a  is  a  quantity  bearing  a  constant  ratio  to  the  density,  and 

V  is  the  linear  velocity  at  the  circumference  of  each  vortex. 

A  medium  of  this  kind,  filled  with  molecular  vortices  having 
their  axea  pendicle  di£Pers  from  an  ordinary  fluid  in  having  dif* 
ferent  pressures  in  different  directions.  If  not  prevented  by 
properly  arranged  pressures,  it  would  tend  to  expand  laterally. 
In  so  doing,  it  would  allow  the  diameter  of  each  vortex  to  expand 
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and  ita  vdodty  to  ditninfali  in  the  same  propiMrtikm.  In  order 
that  a  medium  having  theae  ineqaalitliea  of  presanre  in  dillerait 
directions  should  be  in  eqniHbrium^  certsm  oonditiona  moat  be 

fulfilled^  which  we  must  investigate. 

Pn/p*  IT. — If  the  diieetion-ooaines  of  the  aiea  of  the  vorticea 
with  reapect  to  the  axes  of  9,  y,  and  jr  be  /,  m,  and  n,  to  find  the 
normal  and  tangential  atresses  on  the  coordinate  planes. 

The  actual  stress  may  be  resolved  into  a  simple  hydrostatic 

preasure pi  acting  in  all  durectiona,  and  a  nmple  tenaion P\^p^ 

1  » 
or  ^  A*^^  acting  along  the  axia  of  Btfesa* 

Hence  p^r,  Pyp,  and  p^j;  be  the  normal  stresses  parallel  to 
the  three  a\cs,  considered  positive  when  they  tend  to  increase 
those  axes;  and  if  p^,,  p^,,  and  p^,^  be  the  tan^ntial  stresses  in 
the  three  coordinate  pliiiies,  considered  positive  when  they  tend 
to  increase  simultaneously  the  symbols  subscribed^  then  by  the 
resolution  of  stresses*, 

I 

fimtm,  and  f»m, 


If  we  write 
then 


Prop.  III. — To  iiud  the  resultant  force  on  an  element  of  the 
medium,  anting  from  the  variation  of  internal  atreaa, 

*  Baokiiie's  '  Applied  Mechanics*'  art.  106. 
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We  have  in  general,  for  the  force  in  the  diMdon  of  m  per  ittit 
of  volume  by  the  Uw  of  equilibriom  of  streasee*. 

In  this  ease  ibe  expreauon  may  be  written 

4m'  \^  dx       '    dx        4x       ay  dy 

^'■^'i^iy ' '  •  •  •  •  •  • 

Bemembering  that  "Ji+^S  = 
becomes 

The  expressions  for  the  forces  parallel  to  the  axea  of  y  and  z  may 
be  written  down  from  analogy. 

We  have  now  to  interpret  the  meaning  of  each  term  of  this 
ezpression. 

We  suppose  m,  7  to  be  the  componentB  of  the  force  which 
would  act  upon  Uiat  end  of  a  unit  maguetie  bar  which  points  to 
the  north. 

fi  Tepresenta  the  magnetic  inductive  capacity  of  the  medium 
at  any  point  referred  to  air  as  a  standard,  pM,  fxfi,  fj^repreiBient 
the  quantity  of  magnetic  induction  through  unit  of  area  perpen- 
dicular to  the  three  axes  of  9,  y,  ^  respectively. 

The  total  amount  of  magnetic  induction  through  a  closed  sur- 
face surrounding  the  pole  of  a  magnet,  depends  entirely  on  the 
strength  of  that  pole;  so  that  \l  dx  dy  dz     m  element,  then 

^^/ia  + ^fL^-^ -^fjty^dxdy  dz=4rn'mdxdydz,    .  (6) 


which  represents  the  total  amount  of  magnetic  induction  out- 
wards through  the  auxfaee  of  the  element  dxdy  A,  lepreaenta 
the  amount  or  **  imaginary  magnetic  matter   within  ike  element, 
of  the  kind  which  points  north. 
The  fast  term  of  the  value  of  X,  therefore, 

•i(£'"+^'^+i'^)  •  •  •  • 

may  be  written 

 (8) 

*  Rankine's  '  Applied  Mechanics,*  art.  116. 
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wbeve  «  is  the  intensity  of  the  magnetic  ^fofee^r  and  m  is  the 
amonnt  of  nagnetie  matter  pointing  north  in  unit  of  vdnme. 

The  pbysioil  interpretation  of  this  term  is,  that  the  foree 
urging  a  north  pole  in  the  positive  direction  of  ir  is  the  prodoct 
of  the  intensity  of  the- magnetic  force  resolved  in  that  direction^ 
and  the  strength  of  the  north  pole  of  the  magnet. 

Let  the  parallel  lines  from  left  to  right  in  fig.  1  represent  a 
field  of  magnetic  force  such  as  that  of  the  earth,  $n  being  the 
direction  from  south  to  north.  The  vortices^  according  to  our 
hypothesis,  will  be  in  the  dirpction  shown  hy  the  arrows  in  fii^.  3, 
that  is,  in  a  plane  perpendicular  to  the  lines  of  force,  and  revolv- 
ing in  the  direction  of  the  hands  of  a  watch  when  observed  from 
s  looking  towards  n.  The  parts  of  the  vortices  above  the  plane 
of  the  paper  will  be  moving  towards  e,  and  the  parts  below  that 
plane  towards  w. 

We  shall  always  mark  by  au  arrow-head  the  direction  m  which 
we  must  look  in  order  to  see  the  vortices  rotating  in  the  direc- 
tion of  the  hands  of  a  watch.  The  arrow-head  will  then  indicate 
the  northward  direction  in  the  magnetic  field,  that  is,  the  diree* 
tion  in  which  that  end  of  a  magnet  which  points  to  the  north 
would  set  itself  in  the  field. 


Now  let  A  be  the  end 

of  a  magnet  which  points 
north.  Since  it  repels  the 
north  ends  of  other  mag* 
nets,  the  lines  of  force  will 
be  directed  from  A  out- 
wards in  all  directions. 
On  the  north  side  tlic  line 
AD  will  be  in  the  same 
direction  with  the  lines  of 
the  magnetic  field,  and  the 
velocity  ut  the  voi  tices  will 
he  increased.  On  the  south 
side  the  line  A  C  will  he  in 
the  opposite  direction,  and 
the  veiodty  of  the  vortices 
will  be  diminished,  so  that 
the  lines  of  force  are  more 
powerful  on  the  north  side 
of  A  than  on  the  south  side. 

We  have  seen  that  the 
mechanical  effect  of  the 
vortices  is  to  produce  a 
tension  along  their  axes, 
so  that  the  resultant  eifect 
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on  A  will  be  to  pull  it  more  powerfully  toward*  D  than  towards 
C ;  that  IS,  A  will  tend  to  move  to  the  north. 

Let  B  in  fig.  2  represent  a  south  pole.  The  lines  of  force 
belonging  to  B  will  tend  towards  B,  and  we  Bhall  tiud  that  the 
lines  of  force  aie  rendered  stronger  towards  E  than  towards  P, 
to  that  the  effect  in  this  case  is  to  nrge  B  towards  the  sontli. 

It  a|vpem  theiefofe  tlialy  on  the  hynothesia  of  moleenkr  toi^ 
ticesy  oor  fifst  tenn  givea  a  mechanical  eotplanatioQ  of  the  force 
acting  on  a  north  or  south  |pole  in  the  magnetic  field* 

We  now  proceed  to  eammo  the  second  term. 

Here  a*-j-y^-f  7®  is  the  sqnarc  of  tlie  intensity  at  any  part  of 
tlie  lield^  and  ft  is  tiie  magnetic  mdnctivc  capacity  at  the  same 
place.  Any  body  therefore  placed  in  the  iield  will  be  nrpi:ed 
towards  places  ofstroriger  magneiic  intensiiy  with  a  force  depend- 
ing partly  on  its  own  capacity  for  magnetic  induction,  and  partly 
on  tlie  rate  at  which  the  square  of  the  intensity  njcreases. 

If  the  body  be  placed  in  a  iluid  medium^  then  the  medium,  aa 
well  as  the  body,  will  be  urged  towards  places  of  greater  intensity, 
so  that  its  hydrostatic  pmaare  will  be  increaaed  in  that  diree- 
tion«  The  resnltant  e^et  on  a  body  pieced  in  the  median  will 
be  the  difference  of  ijie  actions  on  the  body  and  on  the  portion' 
of  the  medium  whidi  it  displaces,  so  that  the  body  will  tend  to 
or  from  places  of  greatest  magnetic  intensity^  according  as  it  has 
a  greater  or  less  capacity  for  magnetic  induction  than  the  enr* 
rounding  medium. 

In  fig.  4  the  lines  of  force  are  represented  as  converging  and 
becoming  more  powerful  towards  the  right,  so  that  the  magnetic 
tension  at  B  is  stronger  than  at  A,  and  the  body  A  B  will  be 
ui^d  to  the  right.  If  the  ca]^aeity  for  rnnij:nctic  induction  is 
greater  in  the  body  than  m  the  surrounding  incdiam^  it  will  move 
to  the  hght^  bat  u  less  it  will  move  to  the  left. 


Fig.  4.  Fig.  6. 


We  may  suppose  in  this  case  that  the  lines  of  force  are  con- 
verging to  a  magnetic  pole,  either  north  or  south,  on  the  right 
hand. 

In  fig.  5  the  lines  of  force  are  lepreaented  as  vertical,  and  be- 
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coming  more  numerous  towards  the  right.  It  may  be  showu 
that  if  the  force  increases  towards  the  rights  the  lines  of  force 
will  be  curred  towards  the  right  The  effbefc  of  the  magnetic 
tenrioDB  will  then  be  to  draw  aiiT  body  towards  the  right  with  a 
force  depending  on  the  eoneas  of  its  isMoetiTe  capacity  over  that 
of  the  sorrottttdiiig  mediiim. 

'  We  may  suppose  that  in  this  fignre  the  lines  of  force  are 
those  snrroimdmg  an  electric  corrent  perpendicular  to  the  plane 
of  the  paper  and  on  the  right  hand  of  the  figure. 

These  two  illnatratioiiB  will  show  the  mechanical  effect  on  a 
paramagnetic  or  diamagnetic  body  placed  in  a  field  of  varying 
magnetic  force,  whether  the  increase  of  force  takes  place  along 
the  lines  or  traiisvcfsc  to  them.  The  form  of  the  second  term 
of  our  equation  indicates  the  general  law,  which  is  quite  inde- 
pendent of  the  directum  of  the  lines  of  force,  and  depends  solely 
on  the  manner  in  which  the  force  varies  itom.  one  part  of  the 
field  to  another. 

We  come  now  tu  the  third  tcnu  of  the  value  of  X,^ 


Here /t^  is,  as  before^  the  quantity  of  magnetic  induction  through 

unit  of  area  perpendicular  to  the  aids  of  y,  and  ^    ^  ^  ^ 

quantity  which  would  disappear  if  adx-k-  ^dy-^-ydz  were  a  com- 
plete diflferential,  that  if  the  force  acting  on  a  unit  north  pole 
were  snhjcct  to  tlie  condition  that  no  work  can  be  done  upon 
the  jiolc  m  passmg  round  any  closed  curve.  The  quantity  repre- 
sents the  work  done  on  a  nortli  |)ole  in  travelling  round  unit  of 
area  in  the  direetiou  from  -\-a:  to  -{-y  parallel  to  the  plane  oi  xy. 
Now  if  an  electric  current  whose  strength  is  r  is  traversing  the 
axis  of  Zj  which,  we  may  suppose,  points  vertically  upwards,  then, 
if  the  axis  of  is  east  and  that  of  y  north,  a  unit  north  pole  will 
be  urged  xomid  the  axis  of  jr  in  the  diieetion  from  #  to  so 
that  in  one  revolution  the  work  done  wiU  be  «  Amr.  Henoe 

£r(s~'^}  represents  the  strength  of  an  electric  currmU 
paraUel  to  m  thiongh  unit  of  area ;  and  if  we  write 

4ar\dy     dz)^^'  4m\ds    dx)        5^ W     dy)  ^ 

then  pt  r  will  be  the  qnantity  of  electric  ennent  per  unit  of 
area  perpendicular  to  the  axes  of    y,  and  z  respectively. 

The  physical  interpretation  of  the  third  term  of  X,  — ft^^r,  is 
that  if  ^13  IS  the  quantity  of  magnetic  iuduetiou  parallel  to  y,  and 
r  the  quantity  of  electricity  flowing  in  the  direction  of  the 
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clement  will  be  urged  in  the  direction  of  —  transversely  to  the 
direction  of  the  current  and  of  the  lines  of  force ;  that  is,  an 
aeeending  current  in  a  field  of  Ibroe  magnetiaed  towarda  the  north 
would  tend  to  mo?e  weet. 

To  illustrate  the  action  of  the  moleeular  vor-  Fig.  6. 
tices,  let  9n  be  the  direction  of  magfnetie  force 
in  the  fidd^  and  let  C  be  the  aection  of  an 
ascending  magnetic  current  perpendicular  to 
tiie  paper.  The  lines  of  force  due  to  this  current 
will  be  circles  drawn  in  the  opposite  direction 
from  that  of  the  hands  of  a  watch ;  that  is,  in  the 
direction  nwse.  At  e  the  lines  of  force  will  be 
the  sum  of  those  of  the  field  and  of  the  current, 
and  at  w  they  will  be  the  difference  of  the  two 
sets  of  lines ;  so  that  the  vortices  on  the  east  side  of  the  current 
will  be  more  powerful  than  those  on  the  west  side.  Both  sets 
of  vortices  have  their  equatorial  parts  turned  towards  C,  so  that 
they  tend  to  expand  towards  C,  but  those  on  the  east  side  have 
the  greatest  effect,  so  that  the  resultant  effect  on  the  current  is  to 
urge  it  towards  the  weet. 

The  fourth  term. 


(10) 


may  be  interpreted  in  the  same  way,  and  indicates  that  a  current 
q  in  the  direction  of  y,  that  is,  to  the  north,  placed  in  a  magnetic 
field  in  which  the  lines  are  vertically  upwards  in  the  direction  of 

will  be  urged  towards  the  east. 

The  fifth  term, 


ai) 


merely  implies  that  the  element  will  be  urged  in  the  direction  in 
which  the  hydrostatic  pressure  j9|  diminishes. 

We  may  now  write  down  the  expressions  for  the  components 
of  the  resultant  force  on  an  element  of  the  medium  per  unit  of 
volumey  thus : 


(12) 
(13) 
(U) 


The  first  term  of  each  expression  refers  to  the  force  acting  on 
maguctic  poles. 
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The  second  term  to  the  action  on  bodies  capable  of  magnetiain 

by  induction. 

The  third  and  fourth  terma  to  the  force  acting  on  electric 
currents. 

And  the  fifth  to  the  eflfect  of  simple  pressure. 

Before  going  further  in  the  general  investigation,  we  sliall 
consider  equations  (12,  13^  14,)  in  particular  cases,  corresponding 
tothoae  aimplifwd  eaaea  of  the  actual  phenomena  which  we  seek 
to  obtain  in  order  to  determine  their  laws  by  experiment. 

We  hare  found  that  the  quantities  p,  q,  and  r  represent  the 
resolved  parts  of  an  electric  current  in  the  three  coordinate 
directions.  Let  us  suppose  in  the  first  instance  that  there  is  no 
electric  current^  or  that  p,  g,  and  r  vanish.  We  have  then  by  (d), 

^     dp         ia     di  dp  da 

whence  we  learn  that 

ttda-^fiiy+^^d^  (16) 

is  an  exact  differential  of     so  that 

^=t'   


m 


is  proportional  to  the  density  of  the  vortices,  and  repreaento  the 
capacity  for  magnetic  induction  *'  in  the  medium.   It  is  equal 
to  1  in  air,  or  in  whatever  medium  the  experimento  were  made 
which  determined  the  powers  of  the  magnets^  the  strengths  of 
the  electric  currento,  to. 

Let  us  suppose  fi  constant,  then 

-i'©-^*©-  •  •  •  •  I'O 

represents  the  amonnt  of  imii^niary  magnetic  matter  in  unit  of 
volume.  That  there  may  be  lio  resultant  force  on  that  unit  of 
volume  arising  from  the  Rction  rcjireseuted  by  the  first  term  of 
equations  (12j  13,  14),  we  must  have  m=0,  or 

Now  it  may  be  shown  that  equation  (19),  if  true  within  a  given 
space,  implies  that  the  forces  acting  within  that  space  are  such 
as  would  result  from  a  distribution  of  centres  of  force  bevond 
that  space,  attracting  or  repelling  inversely  as  the  square  of  the 
distance. 
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Hence  the  lines  of  force  in  a  part  of  «pace  whnrr  ^  is  nmforni, 
and  where  there  arc  no  electric  currents,  i;iu&t  be  buck  as  would 
result  from  the  theory  oi  "imaginary  matter acting  at  a  di- 
stance. The  assuiiiptioDs  of  that  theory  aic  unlike  those  of  oursy 
but  the  results  are  identical. 

Let  us  first  take  the  case  of  a  single  magnetic  pole^  that  is, 
one  end  of  a  long  magnet,  to  hmg  that  its  t&eat  end  n  too  fitr 
off  to  bare  a  pereeptible  influence  on  the  part  of  the  field  we  are 
conddering*  The  conditions  then  are,  that  equation  (18)  must 
be  IvdfiUed  at  the  magnetie  polei  and  ([19)  efeiy^  The 
only  eolation  nnder  tiheae  eonditiona  ie 

where  r  is  the  distance  from  the  pole,  and  m  the  strength  of  the 
pole. 

The  repulsion  at  any  point  on  a  nnit  pole  of  the  same  kind  is 

In  the  standard  medinm  f»s  1 ;  so  that  the  repulsion  is  simply 
pj[  in  that  medium^  as  has  been  shown  by  Coulomb. 

In  a  medium  having  a  greater  value  of  fi  (such  as  oxygen, 
solutions  of  salts  of  iron,  &c.)  the  attraction,  on  our  theory^  ought 
to  he  less  than  in  air,  and  in  diamagnetic  media  (such  as  water, 
melted  bismuth,  Sec)  the  attraction  between  the  same  magnetic 
poles  ought  to  be  gnaUr  than  in  air* 

The  experiments  necessary  to  demonstrate  the  difference  of 
attraction  of  two  innirnets  according  to  the  magnetic  or  dia- 
magnetic clinrficter  ot  the  medium  in  which  tlirv  are  placed, 
would  require  great  precision,  ou  account  of  the  limited  range 
of  magnetic  capacity  in  the  flniil  media  known  to  us,  and  the 
small  amount  of  the  diHereuce  sought  for  as  compared  with  the 
whole  attraction. 

Let  us  next  take  the  case  of  aa  electric  current  whose  quan- 
tity is  C,  flowing  through  a  cylindrical  conductor  whose  radius 
is  B,  and  whose  length  is  infinite  as  compared  with  the  sise  of 
the  field  of  force  considered* 

Let  the  axis  of  the  cylinder  be  that  of  9,  and  the  direction  of 
the  current  positive,  then  within  the  conductor  the  quantity  of 
current  per  unit  of  area  is 

C    _\  (dfi     da\  „  „ 
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aothat  within  the  oondnctor 

C  C 
««— /9=2jpar,    7=0.  ....  (23) 

Beyond  the  coaductorj  ia  the  space  round  it^ 

^=2Ctau-»^  (2^i) 

If  f>s\/^^+P  is  the  perpencticular  distance  of  any  point  from 
the  axis  of  the  condactor,  a  unit  north  pole  will  experience  a 

foree  a       tending  to  move  it  round  the  conductor  in  the 
P 

direction  of  the  hands  of  a  watchj  if  the  observer  view  it  in  the 

direction  oi'  the  corrpiit. 

Let  us  now  consider  a  current  running  parallel  to  the  axis  of 
z  in  the  plane  of  at  a  distance  p.  Let  the  quantity  of  the 
current  he  </,  and  let  the  length  of  the  part  considered  be  I,  an4 

its  section  t,  ao  that  -  it  ita  strength  per  unit  of  aeetion.  Pnt-r 

ting  this  quantity  for  p  in  equations  {12,  13, 14),  we  find 

per  unit  of  volume  j  and  multiplying  by  Is,  the  volume  of  the 
conductor  considered^  wc  find 

=  -2/*^',  (26) 

showing  that  the  second  conductor  will  be  attracted  towiida  the 
first  with  a  force  inversely  as  the  distance. 

We  find  in  this  case  also  that  the  amount  of  attraction  depends 
on  Ibe  value  of  fi,  but  that  it  varies  directly  instead  of  inversely 
as  /i ;  80  that  the  attraction  between  two  conducting  wires  will  be 
greater  in  oxygen  than  in  air,  and  creater  in  air  than  in  water. 

We  fhall  next  consider  thf  nature  of  eicctric  currents  and 
electromotive  forces  in  connexion  with  the  theory  of  molecular 
vortices* 
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XXVI.  On  ike  Benzt^  Series. 
By  AxTHVR  H.  Ghuroh,  B.A»  Oxon., 

Paat  III.  Note  on  the  Oxidation  of  Nitrobenzolei  and  its 

Homoloffues, 

RECENT  experiments  by  Hofinann,  lit rl helot,  and  others 
have  shown,  with  reference  to  mnny  important  organic 
substances,  how  incorrect  is  any  tin oty  which  does  not  permit 
tliem  to  be  viewed  in  more  than  one  aspect.  Is  nitrobenzole 
simply  a  hydrocarbon  in  which  one  equivalent  of  hydrogen  is 
replaced  by  the  group  NO*?  or  is  it  the  hydride;  of  nitro- 

phenyle,'  ^*'^|404^'  ^  ^      again,  is  it  the  nitiite  of  phenyle, 

H";  NO*  ?  Some  of  tlie  metamorphosea  to  wliieh  this  inter* 
etting  hodj  h  sabjeet  suggest  one  of  these  views,  and  some 
another.  The  ready  production  from  nitrobensole  of  phenyl- 
amine,  in  which  the  group  phenyle  may  be  reasonably  supposed 
to  exist,  might  indnce  us  to  regard  nitrobensole  as  a  compound 
of  phenyle,  possibly  the  nitrite ;  while  a  reaction  which  I  pointed 
out  some  time  agof,  in  which,  by  the  action  of  sulphuric  acid 
upon  nitrobenzole,  a  compound  acid  was  formed  to  which  the 
empirical  name  of  nitrosnlphobenzolic  acid  was  assigned,  and 
which  can  hardly  be  regarded  in  any  other  way  except  as  the 

almo^t  obhgca  us  to  view  nitrobenzole  as  containing  ;ii7r6>/Vi-^?//A^ 
I  propose  in  the  present  note  to  cite  a  few  experiments  wluch 
present  some  ol'  the  uitro-dcrivatives  o(  the  benzole  series  in  a 
new  light.  I  feel,  however,  that  though  an  apology  is  due  for 
tile  imperfections  of  the  present  account,  yet  a  preliminary 
notice  of  my  resnlts  (results  which  will  require  much  time  and 
labour  to  bring  to  a  satisfactory  conclusion)  might  not  be  unac- 
ceptable. But  I  should  have  deferred  publishing  any  account  of 
my  inquiries  for  some  time  longer,  had  not  an  acid  been  lately 
discovered  homologous  with  benzoic  acid,  and  isomeric,  but  not, 
I  think,  identical  with  an  acid  mentioned  in  this  paper :  I  refer 
to  collinic  acid,  C*'  H*  0*,  obtained  by  the  oxidation  of  gelatine. 
Then,  too,  several  of  the  speculations  and  anticipations  of  Bcr- 
thelot  in  his  work  on  Oreranic  Synthesis,  trench  somewhat  closely 
upon  one  of  the  inqun-ies  in  which  I  have  hvvn  lately  engaged. 
I  intend,  when  my  inquiries  are  more  advanced,  to  make  the 
two  new  acids  (phenoic  and  intropheuoic)  mentioned  in  the  pre- 
sent notice  the  subject  of  another  communication. 

The  oxidation  of  toluolc,  xylule,  and  cumole  by  means  of  bi- 

♦  f 'oininunicated  by  the  Author, 
t  i'hii.  Mag.  April  and  June  1855. 
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dkiomate  of  potassiam  and  salpbnric  acid,  has  been  found  in 
each  case  to  yield  bensoic  acid.  Cymole,  on  the  other  hand,  the 
last  member  of  the  series,  when  treated  in  the  same  way,  yields 
the  insolinic  acid  discovered  by  Dr.  Hofmann,  and  not  the  tolnic 
acid  which  Mr.  Noad  obtained  by  acting  upon  this  hydrocarbon 
with  dilute  nitric  acid.  Bensole  remains  wholly  unacted  upon 
when  boiled  for  a  very  long  period  with  bichromate  of  potassium 
and  sulphuric  acid.  Not  so,  however,  with  nitrobenzole^  which 
is  slowly  conver^r'd  by  this  powerful  oxidizing  mixture  into  a 
soft,  white,  crystalline  mass  of  intensely  acid  reaction.  In  tlm 
first  experiment,  I  made  use  of  a  very  excellent  sample  of  com- 
mercial nitrobeozole,  a  portion  of  which  seemed  to  be  acted  on 
witli  greater  facility  than  the  rest.  An  analysis  of  the  acid 
thus  formed  gave  numbers  which  indicated  a  mixture  of  nitro- 
bcnzoic  and  mtroplienoic  acids :  I  propose  the  latter  name  for 
the  new  acid,  which  I  believe  to  be  the  next  lower  homologue 
of  the  benzoic.  The  view  that  the  acid  burnt  was  a  mixtore^  is 
confirmed  by  another  experiment^  to  be  related  farther  on.  In 
order  to  secure  the  absence  of  nitrotolnole  from  the  nitrobenaole 
operated  npon^  I  converted  some  bensole  from  benioie  acid  into 
nttrobensole,  and  repeated  my  experiments  with  this.  The  action 
of  a  most  concentrated  oxidizing  solution  was  now  found  to  be 
very  much  slower  than  in  the  former  case;  but  after  long  diges- 
tion the  nitrobenaole  solidified  in  great  measure  on  cooling  the 
misture^  while  from  the  solution  itself  numerous  white  crystalline 
spangles  separated.  The  liquid  and  solid  parts  were  together 
poured  into  a  funnel  plugged  with  asbestos.  To  separate  the 
unchanged  nitrobenzole,  the  solid  stopped  by  the  hi  tor  was 
exhausted  with  boiling  water,  and  the  solution  filtered  twice 
through  paper.  When  cold,  theliltrate  was  full  of  large  nacreous 
plates  of  a  very  pale  straw  colour,  which  by  recrysUllization 
became  perfectly  white.  Having  had  but  a  few  grains  of  this 
substance  at  my  disposal,  I  have  not  yet  made  an  accurate  ex- 
amination of  its  physical  properties.  I  founds  however,  that  its 
MAction  is  strongly  acid,  that  it  is  fusible  without  decomposi- 
tion>  tolerably  soluble  in  boiling  water,  and  that  it  yields  cry* 
stalltsable  salts.  Not  only  does  its  origin  and  the  method  of 
its  formation  preclude  the  existence  of  more  than  twelve  atoms 
of  carbon  in  the  new  acid,  but  the  followiag  determination  of 
silver  in  a  carefully  prepared  specimen  of  ito  silver-salt  points 
to  ths  fornmla  C'^  Ag(NO^)0^  for  this  compound,  and  to 
C>^U^  (NO')  0'  for  the  acid  itself:— 

*971  grm.  of  silver-salt  gave  '537  grm.  of  chloride  of  silvers 
*4041  grm.  of  silver, 

PhiL  Ma^.  S.  4u  Vol.  21.  No.  139.  March  1861.  N 
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correspondmg  to  a  ^er-ccuUge  of — 

Btperimoil*  C»H*Ak(m6«)0«. 
Silra  .  .  .  41-61  41-64 

So  far  as  they  have  been  yet  cxammed,  the  propci  tic  s  of  uitro- 
phcnoic  acid  cuatirui  the  idea  that  it  is  a  true  homuiogue  of 
nitrubeiizuic  acid. 

I  have  made  au  attempt  to  prepare  the  original  acid,  the 
phenoic,  of  which  I  have  supposed  the  above-noticed  add  to  be 
the  nitro-derivati?e.  Although  »  miztore  of  bichromate  of  po- 
tasaium  and  sulphuric  acid  ia  without  action  on  beniole,  it  acts 
tnoat  eDcrgetically  on  eulphobenaolie  acid  formed  by  diasolving 
benzoic  in  Nordbausen  aiuphuric  acid.  If  to  a  sbghtly  diluted 
iolutioQ  of  sulphobenzoUc  acid  at  about  70^  C.  minute  frag> 
menta  of  bichromate  of  potassium  be  added^  one  at  a  time,  and 
the  action  which  ensues  at  each  addition  be  moderated  by  cooling 
the  apparatus,  an  acid  distillate  will  be  obtained,  on  the  sui-fnce 
of  vibich  small  brilliant  crystals,  prcncrally  accoiiipariicd  by  a  few 
oily  crlobiilrs,  will  be  found  floatin^j;.  It  would  Kccm  that  the 
oily  and  solid  portions  of  thii  distillate  arc  alilvc  in  composition, 
since  the  analysis  of  the  sdver-salts  of  tlie  two  bodies,  separated 
mechanical ly  as  far  as  ]H)ssiblc,  gave  almost  the  same  numbers. 
Of  the  annexed  dcteniunatioiis,  1.  was  made  with  a  silver-salt 
prepared  liom  the  oily  part,  and  ii.  witii  one  prepared  iium  the 
crystalline  part  of  tlie  distillate, 

I.  '739  grm.  gave  "37  grm,  of  silver, 
II.  '322  grm.  sxave  '103  grm.  of  silver; 

correaponding  to  the  following  per-centagea  of  ail?cr : — 

Ezperimoit.  Thoon, 
I.  II.  C»UI»AgO*. 

50*06         6006  50*28 


Sulpbotoluolie  and  aulpbocumolie  acida,  when  oxidiied  as  de- 
scribed above,  yield  benmic  add  in  abundance.  I  have  identified 
the  product  1^  all  the  usual  teata*  1  have  not  yet  experimented 
with  the  xylole  series.  Sulpbocymolic  acid  yielda  a  white  powder^ 
apparently  identical  with  insolinic  acid. 

Nitrotoluole,  when  oxidized,  yielded  nitrobenioic  acid,  which 
agreed  in  every  respect  with  a  pure  specimen  in  my  possession 
prepared  from  benzoic  acid.  1  have  before  mentioned  the  diffi- 
culty with  wliirli  nitrobcnzole  is  acted  on  by  the  oxidizing  mix- 
ture ;  and  if  this  latter  be  somewhat  diluted,  it  affords  a  means 
of  separating  the  nitro-derivativcH  of  tolnolr,  &c.  from  nitro- 
benaolCf  which,  when  the  action  is  complete,  ia  siphoned  ott  and 
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washed  with  an  alkaline  aolntion  to  zemore  the  nitiobenzoieaeid 
formed. 

Since  sulphobensolate  of  ainmonium,  when  submitted  to  dry 
distillation^  yields  some  quantity  of  benaole*,  1  imagined  that 
the  fit /rosulphobenzolate  would  yield  fu/Srobenzole ;  e^teiinienty 

however,  Las  not  corroborated  this  view. 

In  1859  I  showed  t  that  nascent  chlorine  acts  powerfully  on 

toliiole,  xylole,  and  other  homologues  of  beuzole,  yielding  the 
chlorides  of  toluenyle,  xylcnyle,  &c.,  from  which  the  eynnirles, 
and  subsequently  the  acids  (toluic  and  xyloic),  arc  jiroducible, 
I  am  pur.suinp*  some  inquiries  in  this  direction  with  benzole, 
u])ou  which  unfortunately  nascent  chlorine  acts  with  nioi  c  diffi- 
culty, and  at  the  same  time  does  not  appear  to  yield  such  deiinite 
results. 

There  is  a  point  of  view  from  which  some  of  the  experiments 
which  I  have  made  acquire  a  fresh  interest.  If  I  vol.  of  light 
c<Md»naphtha  containing,  say  50  per  cent,  of  houole,  be  anb- 
mitted  to  the  action  of  6  vols,  of  oil  of  vitriol  previously  diluted 
with  1  vol.  of  water,  and  the  mixture  heated  for  some  time  in 
a  suitable  condensing  apparatus,  the  benzole  will  remain  nearly, 
if  not  quite,  unacted  upon,  while  the  other  hydrocarbons  will  be 
dissolved  by  the  sulphuric  acid.  If  the  acid  be  absorbed  by 
email  fragments  of  pmnioe  and  thoa  used,  it  exerts  a  much  more 
rapid  and  c£fectual  action  on  the  naphtha.  The  benzole,  after 
having  been  washed  with  water,  is  nearly  pure.  The  other  hy- 
drocarbons ^v!iich  have  been  dissolved  arc  now  contained  as  siil- 
photoluolic  and  similar  acids  in  the  liquid,  which  is  to  be  collected, 
diluted  with  half  its  bulk  of  water,  and  poured  into  a  retoit  pro- 
vided with  a  Liebig's  condenser.  Bichromate  of  potassium, 
about  one-sixth  part  in  weight  of  the  acid  present,  is  added  gra- 
dually to  the  solution,  and  the  niLxtiU'e  cautiously  distilled,  lu 
this  way  a  considerable  proportion  of  benzoic  acid  may  be  oh* 
tained. 

Postscrijiit,  February  8, 1861. 

Since  writing  the  above  lemarka,  my  attention  haa  been 
directed  to  a  short  notice  of  some  experiments  by  MM.  Cloeta 
and  Guignet,  who  also  seem  to  have  obtained  a  new  acid  by  the 
oxidation  of  nitrobenzole.  I  think  it  right  to  say  that  I  suc- 
ceeded in  producing  the  add  which  I  have  termed  nitrophanoie 
in  June  1860. 

«  PhU.  Mag.  Becemte  im. 

t  Chemieal  Newt,  December  10, 1869. 
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XXVII.  Note  on  the  Thconj  of  Determinants. 
By  A.  Cayley,  Esq,* 

THB  following  mode  of  arrangement  of  the  developed  ezpres- 
siou  of  u  determinant  had  presented  itself  to  me  as  a  con- 
venient one  for  tlic  calculation  of  a  rather  complicated  determi- 
nant of  the  fifth  orcler ;  but  I  have  since  found  that  it  is  in 
effect  given,  although  m  a  much  less  compendious  form,  m  a 
paper  hy  J.  N.  Stockwell,  "On  the  Resolution  of  a  System  of 
Symmetrical  Equations  with  Indeterminate  Coefficients,"  Gould't 
'Ast.  Journal/  No.  139  (Cambridge,  U.  S.,  Sept.  10,  1860). 
Suppose  that  the  detcrmiuaut 

11,  12,  IS 
31,   32,  33 

is  represented  by  {123},  and  so  for  a  dctciiamant  of  auy  order 

Lct\i\,\2\,\l2\,\l23  \,  &c.  denote  as  follows :  viz. 

|1|  =  11,   |2|  «  22,  &c. 
I  12|  =  12.21, 
1 123 1  12.23.31, 

where  it  is  to  be  noticed  that,  with  the  same  two  Rvnibol-?,  e,  (f, 
1  and  2,  there  is  but  one  distuict  expression  \  12 1  (m  fact 
1 21  I  =  21 . 12  =  1 12 1 )  ;  with  the  same  three  symbols  1,  2,  3, 
there  are  two  distinct  expressions,  1 123  |  (  =  12 .  23  . 31)  and 
1 132  I  (=  13  . 32  .  21) ;  and  generally  with  the  same  m  symbols 
1,  2,  3  . . .  m,  there  are  l.*3.3...m— 1  distinct  expressions 
1 123  . . .  m  I,  whiofi  are  ol)tained  by  permuting  in  every  possible 
niauner  all  buL  one  of  the  m  symbols. 

This  being  so,  and  wiitin<,^  for  greater  simplicity  |1|2|  to 
denote  the  product  1 1  |  x  12],  and  so  m  general,  the  values  of 
the  determiiianta  {12},  {123},  {1234},  {123-15},  &c.  are  as 
follows :  viz. 

*  CuuuuuuicatcU  by  the  Author. 
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{12}=:+|1|2|    .    .  . 
-  I  1   2 1    .    .  . 

{123}  =  +  |1|2|3|  .  . 
+  |1  2  8|  .  . 

{1234}  =  +  il|2|3|4|  . 

-|1  2|3|4|  . 
+  1 1  2  3|4|  . 
+  11  2|3  4|  . 
-jl  2  8  4|  . 

{12345}«+|1|2|8|4|5| 
-|1  2|3|4|5| 
+  1 1  2  3  I  1 1  5  I 
+  1 1  2  I  3  4  I  5  I 
»il  2  3  4|5| 
-|1  2  8|4  51 
+  |1  2  3  4 


5| 


No.  of  teims. 

+  - 
1 

1 


1  +  1=2 


3 


8  +  8 
1 


»6 


6 


8 
8 


6 


12+12= 


24 


10 


20 
15 


80 
20 


24 


60+60=120 


fvhcrc,  as  rr cards  the  signs,  it  is  to  be  observed  tliat  there  is  a 
sign  —  for  each  compartment |  [containing  an  even  nnniher 
of  symbols j  tlius  in  the  expression  for  {1231},  the  tcrais 

I  1  2  I  3  4  I  have  the  sitm  =  +,  aiul  the  terms  |  1  2  3  4  | 

the  sign  — .  Or,  wliaL  cuiiits  tu  tht:  same  thing;  when  n  is  even, 
the  sign  is  +  or  —  accordnig  an  the  number  of  compartment:* 
is  even  or  odd;  and  ccmtrariwise  wheii  n  ia  odd*  As  regards 
the  remaining  part  of  the  expreaaion^  this  merely  exhibita  the 
partitions  of  a  set  of  n  things ;  and  the  formulae  for  the  several 
determinants  up  to  the  determinant  of  a  given  order  are  all  of 
them  obtained  by  means  of  the  form 
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•  1  • 

• 

•  1  • 

• 

•  1  •  • 

.  1 .  . 

•  1  • 

•  1  • 

.  1 .  . 

•  1  •  • 

•  1  •  • 

• 

• 

which  is  carried  np  tn  the  order  7,  but  which  cau  be  further  ex- 
tended without  any  difficulty  whatever. 

It  is  perhaj)s  hardly  necessary;  but  I  give  at  full  length  the 
expressions  of  the  determinant  of  the  third  order :  this  is 

{12a}-  |1|2|3| 

-|1  2|8|  I 

8|1|  V 
-|3  1|2|  J 
+  |1  2  3n 

+  |1  8  2\J' 

And  by  writing  down  in  like  manner  the  expression  for  the 
twenty,  four  terms  of  the  determinant  of  the  fourth  order,  the 
notation  will  become  perfectly  dear. 

The  formula  hardly  reqmres  a  demonstration.  The  terms  of  a 
determinant  {123 ...  n},  for  example  the  determinant  {1234}, 
arc  obtained  by  permuting  in  every  possible  manner  the  symbols 
in  either  column^  say  the  second  column,  of  the  arrangement 

1  1 

2  2 
8  3 
4  4 


* 
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and  prefixing  the  aign  (+  or  — )  of  the  amngementi  and  the 
xeaolting  anangements,  for  inatanoe 


+  1 1, 

-  1  2, 

-  1  2, 

2  % 

2  1 

*2  3 

8  8 

8  8 

8  4 

4  4 

4  4 

4  1 

are  interpreted  either  into  + 1 1  i  22 . 83 . 44,  — 12 . 21 . 33  •  44^ 
— 12 . 28  •  84  •  41»  or  in  the  notation  of  the  formula^  into 

+  |1|213|4|,    -112|3|4|,  -|1234|. 

And  80  in  general. 

Suppose  that  any  partition  of  n  contains  «  compartments  each 
of -'f  !?ymbols,  ^  compartments  each  of  h  syinljois  ...  {a,b, 
being  all  of  them  different  and  prrcatcr  than  umty),  and  p  com- 
partiuents  each  of  a  single  symbol^  we  have 

And  writing,  as  usual,  na=1.2.3 ...  a,  &c.,  the  number  of 
ways  in  which  the  symbols  1,  2,  •  8, . . .  it|  Can  be  so  arranged  in 
compartments  is 

 ITn  

but  e.ich  sncli   arrangement  crivcs 

terms  of  tlic  determmaut^  and  the  corresponding  number  of  terms 
therelbre  is 

 TTw  

The  whole  number  of  terms  of  the  determinant  is  Iliiy  and  we 
hare  thus  the  theorem 

1-2^^1  

*''^a-/^...iian/3...np' 

in  which  the  summation  corresponds  to  all  the  different  partitions 
iis«a+/86. .  •  where  a,b,  , . .  arc  all  of  them  ditfereut  and 
greater  than  unity ;  a  theorem  given  in  Cauchy's  Mhioire  sur  les 
JlrrangmenU/  &c.,  1844.  But  it  is  to  be  noticed  also  that,  the 
number  of  the  positive  and  negative  terms  being  equal,  we  have 
beaideB 

»)+/»{*-»+.. . 
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m,  what  is  the  same  thing, 

OssS  2 

and  thence  also 

.-V  1  

vherCj  as  It  fore,  n=aa-\-l3h . . .  +p  {a,  b,.,,  being  all  different 
and  greater  than  unity) ;  but  the  summation  is  restricted  either 
to  the  pnrtitions  for  which  n— a—^. . p  is  even,  or  else  to 

those  for  which  »— a — 0  . . .  — is  odd. 

The  formula  affords  a  proof  of  tlie  fiindamtnlal  property  of 
skew  symmetrical  determinants.  In  such  a  tlcterinhiant  wc 
have  not  only  12=— 21,  &c.,  but  also  11=0,  &c.  Suppose 
that  n,  the  order  of  the  determinant^  is  odd ;  then  ia  each  line  of 
the  expression 

{128...n}s 

±  ke. 

of  the  determinant;  there  is  at  least  one  compartment  1 1 1  or 
1  123 1  &e*  containing  an  odd  number  of  symbols :  let  1 123 1 
DO  snch  a  compartment,  then  the  determinant  contains  the  terms 
1 123  I  P  and  1 132 1 F  (where  P  represents  the  remaining 
compartments),  that  is,  12 . 23 . 81 .  P  and  13 . 32 . 21 .  P.  But 
in  virtue  of  the  relations  12  as  —21,  &c.,  we  have 

12.23.31  =  ~13.32.2i; 

and  so  in  all  similar  cases,  that  is,  the  terms  destroy  each  other, 
or  the  skew  symmetrical  determinant  of  an  odd  order  is  equal 
to  zero. 

The  like  consitleiations  show  that  a  skew  symmetrical  deter- 
minant of  an  even  order  is  a  perfect  square.  In  fact,  consider- 
ing for  greater  simplicity  the  case  n=  i,  any  line  in  thcforcs^oing 
expression  of  -jl234j-  for  which  a  coiiijjartinent  contauis  an, 
odd  number  of  symbols,  gives  rise  to  terms  which  destroy  each 
other,  and  may  be  omitted.    The  expression  thus  reduces  itself  to 

{1234^^+1 121341  3tentt8 
-112  34  1  6  terms, 

vvhich  is  in  fact  the  square  of 

12.34+13.42+14.23. 

lor  the  square  of  a  term,  say  12.84,  is  12  '.  34*  or  12.21 .34,43, 
that  is,  I  12  I  34  I,  and  the  double  of  the  product  of  two  terms, 
say  12.34  and  13. 42, is 2. 12.34.13.42,  or  -12.24.43.31 
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-18.84.42.21,  that  18  -1 1248  | -(1842 1 ,  and  so  for  the 
other  Mmilar  tenusy  and  we  have 

\  1234.}  =  (12 . 84+ 13  . 42  + 14 . 23)«.' 

And  so  in  g:cnernl,  n  being  any  even  number,  the  slccw  symme- 
trical detenmnant  -1123...  nj-  is  equal  to  the  square  of  the 
Ffaffian  12  • .  •  ii,  where  the  law  of  these  Pfaffian  f unetiona  is 

1284    S12.84    +18.42  +14.23 

123456  =  12.3456+ 13.4562  + 14.5623  +  lo.623-i+ 16.2346 

^vbcrc,  in  the  second  equation^  3456,  &C.  are  FfSsiffianai  via* 
3456s34. 56+85. 64+36. 45;  andaoon. 

2  Stone  Buildings,  W.C.^ 
Deeeiaber28«  ISGO. 


XXVllI.  Letter  from  Prof.  KiRCiuiof^F  on  the  Chetnicul  Analysis 

of  the  Solar  Atmosjjhere. 

To  ih6  Editors  of  the  FhiiosopJucal  Magazine  and  Journal* 

OeHTLEMEN,  Owens  College,  MancbttCer, 

February  1,  1860. 

I RECEIVED  a  short  time  ago  from  Heidelberg  the  enclosed 
portK»ii  of  a  leftcr  from  Prof.  Kirchhoff  to  Prof.  Erdniann. 
As  it  {rives  a  later  account  of  KirchhotF  and  Bunsen^s  most  im- 
portant researches  thnn  has  yet  appeared  in  the  English  journals^ 
X  thiuk  it  way  be  of  interest  to  your  readers. 

I  anij  yours  sincerely, 

Hen&y  E.  iiuscoE. 


*'  Since  I  sent  in  my  last  report  to  the  Berlin  Academy,  I 
have  been  almost  uumterruptedly  enerafred  in  following  out  the, 
investigation  in  the  direction  I  there  indicated.  I  will  not  now 
speak  either  of  the  theoretical  proof  I  have  given*  of  the  facts  I 
there  announced,  or  of  the  experiments  by  help  of  which  Bunsen 
and  1 1  have  shown  that  the  bright  bands  in  the  spectrum  of  a 
flame  serve  aa  the  anreat  indicationa  of  the  metals  present  therein ; 
I  will  take  the  liberty,  in  this  commimieationj  of  informing  you 
of  the  nrogresa  I  have  made  in  the  chemical  analysis  of  the  solar 
atmosphere. 

"Tlie  sun  possesses  an  incandescent,  gaseons  atmosphere, 
which  surronnda  a  solid  nnclens  having  a  still  higher  tempera* 
tare.  If  we  could  sec  the  spectnim  of  the  solar  atmosphere,  ^ve 
should  see  in  it  the  bright  bands  characteristic  of  the  metals 

♦  PbU.  Ma^.  July  1860.  f  Ibid.  August  1860, 
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contained  in  the  atmosphere,  and  from  the  presence  of  these 
lines  should  infer  that  of  these  various  metals.  The  more  intense 
luminosity  of  the  sun's  solid  body,  however,  does  not  permit  the 
spectrum  of  its  atmosplicrc  to  appear;  it  reversos  it,  according 
to  the  proposition  I  have  announced;  so  that  instead  ot  tlie 
brie;ht  lines  which  the  spectrum  of  the  atmosphere  by  itself 
would  show,  dark  lines  arc  pr  oduced.  Thus  we  do  not  see  the 
spectrum  of  the  solar  aLmos.plicie,  but  we  see  a  negative  image 
of  it.  This,  however,  serves  equally  well  to  determine  with  ccr- 
tainfy  the  preaenoe  of  those  metius  which  occur  in  the  son's 
atmosphere.  For  this  purpose  we  only  require  to  possess  an 
aceorate  knowledge  of  the  solar  speetrum^  and  of  the  spectra  of 
the  wions  metals, 

I  have  beien  fortunate  enough  to  obtain  possession  of  an  appa- 
ratus from  the  optical  and  astronomical  manufactory  of  Steinheil 
in  Munich^  which  enables  me  to  examine  these  spectra  with  a 
degree  of  accoracv  and  parity  which  has  certainly  never  before 
been  reached.  Tne  main  part  of  the  instrument  consists  of  four 
large  fliiit-glass  prisms,  and  two  telescopes  of  the  most  consum- 
mate workmanship.  By  their  aid  the  solar  spectrum  is  seen  to 
contain  thousands  of  lines;  but  they  diflfcr  so  remarkably  in 
breadth  and  tone,  and  the  variety  of  their  grouping  is  so  great, 
that  no  diiiiculty  is  experienced  in  recognizing  and  remembering 
the  various  details.  I  intend  to  make  a  ma|)  of  the  sun^s  spec- 
trum as  I  sec  it  in  my  instrument,  and  I  have  already  accom- 
plished this  for  the  brightest  portion  of  the  spectrum — that  por- 
tion, namely,  included  between  Fraonhofer's  lines  F  and  D.  By 

Cinting  the  lines  of  various  degrees  of  shade  and  of  breadth^  X 
ve  snoeeeded  in  producing  a  drawing^  which  represents  tiie 
solar  spectrum  so  closely,  that^  on  comparison^  one  gWce  suffices 
to  show  the  corresponding  lines, 

"  The  apparatus  shows  the  spectrum  of  an  artificial  source  of 
light,  provided  it  possess  sufficient  intensity,  with  as  great  a 
degree  of  accuracy  as  the  solar  spectrum.  A  common  colourless 
gas-flame  in  which  a  metallic  salt  volatiltxes,  is  in  general  not 
sufficiently  luminous;  but  the  electric  spark  gives  with  great 
splendour  the  spectrum  of  the  metal  of  which  the  electrodes  are 
composed.  A  large  Ruhmkorff's  induction  apj)aratus  produces 
such  a  rapid  succession  of  sparks,  that  the  spectra  of  the  metals 
may  be  thus  examined  with  as  great  facility  as  the  solar  s])cctrum. 

"By  means  of  a  very  simple  arrangement,  the  spectra  of  two 
sources  of  ii^^ht  may  be  compared.  The  rav?^  from  one  source  of 
light  can  be  led  througii  one  half  of  the  vcrucal  sht,  whilst  those 
from  another  source  are  led  through  the  other  half.  If  this  is 
done,  the  two  spectra  are  seen  directly  under  one  another,  sepa- 
rated only  by  an  almost  invisible  dark  line.  By  this  arrange* 
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meat  it  is  extremely  easy  to  eee  whether  any  coincident  lines 
occur  in  the  two  spectra. 

"  I  have  in  this  way  assured  myself  that  all  the  bright  lines 
characteristic  of  iron  correspond  to  dark  lines  in  the  soh^r  spec- 
truni.  lu  that  ])ortiou  of  the  sular  spectrum  which  1  have  ex- 
amined (between  the  lines  D  and  F),  I  have  had  occasion  to 
remark  about  seventy  particularly  brilliant  lines  as  caused  by  the 
presence  of  iron  in  the  solar  atmosphere.  Angstrom  only  ob- 
served three  bright  lines  in  this  part  of  the  spectrum  of  the 
electric  spark ;  Massun  noticed  only  a  few  more ;  Van  der  Wil- 
hgcn  says  that  iron  produces  only  a  very  few  feeble  lines  in  the 
[^ectrum  of  the  electric  spark.  From  the  number  of  these  lines 
which  I  have  been  able  to  observe  with  ease,  and  map  with  abso- 
lute certainty,  some  idea  may  be  formed  of  the  capabilities  of  Hut 
instrument  which  I  am  fortunate  enough  to  possess. 

"  Iron  is  remarkable  on  account  of  the  number  of  the  lines 
which  it  causes  in  the  solar  spectrum  j  magnesium  is  interesting 
because  it  produces  the  group  of  Fraunhofer's  lines  which  are 
most  readily  seen  in  the  sun's  spectrum,  namely^  the  group  in 
the  green,  consisting  of  three  very  intense  lines  to  which  Fraun- 
hofer  gave  the  name  b.  Less  strikinp^,  but  still  quite  distinctly 
visible,  are  the  dark  solar  lines  coiiieident  with  the  bright  lines 
of  chromium  and  nickel.  The  occurrence  of  these  substances  in 
the  sun  may  therefore  be  regarded  as  eertain.  Many  metals, 
however,  appear  to  be  absent ;  for  although  silver,  copper,  zine, 
aluminium,  cobalt,  and  antimony  possess  very  characteristic 
spectra,  still  these  do  not  coincide  with  any  (or  at  least  with  any 
distinct)  dark  lines  of  the  solar  spectrum.  I  hope  before  lung 
to  be  in  a  position  to  publish  more  extended  information  on  this 
point. 

"  The  combination  of  Buhmkorff's  induction  coll  with  the  speo- 
trom  apparatus  will  doubtless  also  be  of  importance  for  the  che- 
mistry of  terrestrial  matter.  Very  many  metaUic  compounds  do 
not  give  the  spectrum  peculiar  to  the  metal  when  placed  in  a 
flame,  because  they  are  not  sufficiently  volatile,  but  they  give  it 
at  once  when  placed  cm  the  electrodes  of  an  electric  spark* 
These  lines  are  then  indeed  seen,  together  with  those  of  the 
metal  of  the  electrode,  and  those  of  the  air  through  which  the 
spark  passes ;  and  owing  to  the  great  number  of  bright  lines 
which  compose  the  spectrum  of  every  electric  spark,  it  ^v■onld  be 
almost  impossible,  without  a  special  arrangement,  to  distinguish 
the  lines  caused  by  the  metal  of  the  electrodes  from  those  pro- 
duced by  the  metallic  salt  uddcd.  The  special  arrangement 
wiiicli  ill  thib  case  rciuuves  all  diflieulty,  consi^u  lu  allowing  the 
spai'k  to  pass  at  the  same  instant  bcLwceii  two  pairs  of  electrodes, 
in  such  a  manner  that  the  light  of  one  spark  passes  through  the 
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tipper  balf  of  the  ftlit,  whilst  the  light  of  the  other  spark  paaaet 
through  the  lower  half  of  the  slit,  so  that  the  two  spectra  are 
seen  one  directly  above  the  other.  If  both  pair  of  electrodes  are 
pure^  both  the  spectra  are  alike;  if  a  metaluc  salt  is  brought  on 
to  one  of  the  electrodes^  the  lines  peculiar  to  that  metal  appear 
in  the  one  speetrum  in  addition  to  those  present  before.  These 
are  recognised  at  the  first  moment,  because  they  are  absent  in  the 
other  spectrum.  The  lines  which  are  common  to  the  two  spectra 
may  serve,  when  tlicy  arc  once  for  all  drawn,  as  the  simplest 
nindr  by  ^^  hich  to  represent  the  position  of  the  lines  of  the  other 
metals  employed. 

"I  have  proved  that  in  tliis  way  the  metals  of  the  rare  earths, 
yttrium,  erbium,  terbium^  K'c,  may  be  detected  in  the  most  cer- 
tain and  expeditious  luaiHier.  Hence  we  may  expect  that,  by 
help  of  RuhmkortPs  coil,  the  spectrum-analytical  method  may 
be  extended  to  the  detection  of  the  presence  of  uU  the  metals. 
I  trust  that  this  expectation  may  be  borne  out  in  the  continuation 
of  the  research  which  Bnnsen  and  I  are  jointly  carrying  on  with 
the  object  of  rendering  this  method  practically  applicable." 


XXIX.  On  Ripples,  and  t/teir  rrhtion  to  ih;  Vrlocities  of  Currents, 
By  T.  Archer  Hirst,  Mat/wmaiical  Master  at  University 
College  School,  London, 

[Concluded  from  p.  20.] 

{ynOi  s  Plate.] 

21.  TN  art.  20  it  was  shown  that  when  a  jet  or  partially  im- 
jL  mersed  solid  cylinder  is  made  to  describe  a  circle  of 
radius  a  in  still  waterj  the  ripple  it  produces  has  a  cusp  C  (fig.  7, 
Plate  I.)^  which  describes  snoth^  circle  whose  radius  r  has  to 
a  the  same  ratio  that  the  velocity  X,  with  which  the  waves  causing 
the  ripple  are  propagated,  hss  to  the  velocity  u  of  the  jet  j  and 
further;,  that  the  angle  0  between  the  radii  to  the  jet  and  to  the 
cusp  varies  with  r,  in  accordance  with  the  rektion 

tan  =^,  =  .i^f!z?.  ....  (40) 

r 

llcncc  if  the  axis  of  polar  coordinates  pass  through,  and  rotate 
with  the  jet,  this  is  the  equation  of  a  cur\'c  upon  which  the  cusp 
of  the  ri[)ple  must  lie,  no  matter  with  what  velocity  the  jet  may 
be  rotating.  The  curve  itself,  as  may  be  easily  shown  (Plate  I  v. 
fig.  2),  lies  entirely  within  the  circle  (a);  it  commences  at  the  jet  A, 
rz=a,  d  =  Oj  whei'eit  touches  the  axis  O  A,  and  proceeds  inwards, 
turning  its  convexity  towards  the  centre      until  on  arriving  at 
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a  point  of  inflexion  i,  whose  coordinates  are  rss        ^^=1  — j 

(equivalent  to  12^  XT'  4^  nearly),  it  oommenoes  and  continoea 
ever  after  to  tarn  ita  concavity  towards  the  centre  0^  wUch 
point  it  anproaehea  asymptotieuly.  In  comparing  the  fore- 
going results  with  those  of  experinient^  the  above  curve  was  found 
to  be  of  service. 

Experiments, 

22.  I  proceed  to  describe  a  few  expcmucnts  wliit  h  will  serve 
to  verify  the  sreneral  principles  upon  which  the  foregoing  results 
are  based,  liiough  they  ai*e  by  no  means  sufficiently  complete 
and  accurate  to  decide,  fully,  the  interesting  question  as  to  the 
velocities  of  differently  shaped  waves. 

23.  The  experiments  on  the  ripples  produced  by  a  jet  or  solid 
cylinder  rotating  in  stiU  water  were  made  with  the  modification 
of  Barker'a  mill  represented  in  seetbn  by  fig.  1,  PL  IV.  BCCD' 
is  a  tin  tube  17  inches  long  and  2  inches  in  diameter^  whose 
lower  dtremity,  contracted  to  a  diameter  of  1  inch,  is  soldered 
into  a  hollow  brass  cap  D  D'    E.    Into  this  cap  three  brass 
tubes  are  fitted ;  one  vertical^  projecting  6  inches  into  the  inte- 
rior of  the  tin  tube^  and  closed  at  its  upper  extremity  by  a  plate 
F  of  hard  steel ;  and  two,  D  B  and  D'B',  horisontaly  inthesame 
straight  line,  about  4^  inches  long,  Y^ih^  of  an  inch  in  diameter, 
and  terminated  by  two  brass  cfips  A  H  and  A'B',  whioh  slide 
over  the  tubns  and  can  be  rcinovrd  at  ]ilerisui'c.    In  each  caji 
a  lateral  aperture  is  made,  into  which  can  be  httod  either  a  smaller 
bi*ass  tube  suitable  for  the  issue  of  a  jet  yVth  of  an  inch  in 
diameter,  or  a  solid  brass  cylinder  of  the  same  diameter,  which 
completely  prevents  the  efflux  of  water.    The  whole  weight  of 
the  portion  of  the  instrument  thus  far  described,  and  of  the 
water  it  may  contain,  is  sapported  by  a  steel  pin  0  F  about 
8  inches  long,  whose  hardened  and  pointed  upper  extremity  enters 
«  small  cavity  in  the  centre  of  the  steel  plate     whilst  its  lower 
extremity  is  screwed  firmly  into  a  lead  weight  MN,  placed 
at  the  bottom  of  a  bath  PQKS.   By  this  arrangement,  the 
water  in  the  tin  tube  issuing  at  one  or  both  of  the  orifices  A,  A' 
causes  a  rotation  unaccompanied  by  sensible  oscillations,  and  the 
issuing  jets  of  water,  by  falling  into  the  water  in  the  bath,  pro* 
duce  the  ripples  whose  forms  are  to  be  examined.  When  a  con- 
stant velocity  of  rotation  is  required,  it  is  merely  necessary  to 
retain  the  same  depth  of  water  in  the  tin  tube ;  and  XV\9,  can  be 
done  either  by  regulating,  With  a  cock,  the  supply  of  water  enter- 
ing at  H,  or  by  carrying  a  siphon  through  H  to  a  reservoir  kept 
at  a  constant  level.  When  necessary,  too,  the  water  in  the  bath 
can  be  kept  at  a  constant  level  by  similar  means. 
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24.  The  moment  iLc  instrument  rotates  with  BufBcient  velo- 
city tbe  ripples  make  their  appearance,  and  the  general  resem- 
blance between  tlieir  forms  and  that  of  tbe  one  drawn  according 
to  theory  in  fig.  7,  Plate  I.,  is  very  striking.  The  external  branch 
A  X,  and  the  portion  of  the  internal  one  between  the  jet  A  and 
the  cusp  C  are  quite  distinct  and  well  defined  ;  the  return  branch 
C  B  D  is  far  less  distinrt,  the  height  of  tliis  part  of  the  ripple 
being;  snmli,  and  its  bieadth  great ;  its  existence,  however,  may 
be  established  by  a  closer  inspection,  or  by  a  glance  at  the  dis- 
torti  d  image  at  the  bottom  of  the  bath  enused  hy  the  irregular 
refraction  of  the  light  incident  upon  tlie  njjpU  d  surface,  liesidcs 
the  principal  ripple  there  arc  a  number  of  seeondai  y  ones,  smular 
in  form  but  less  in  extent,  which  precede  the  former,  and  of 
conrae  tend  to  diminish  its  prominence. 

26.  In  order  to  compare  the  actual  with  the  theoretical  ripple 
more  precisely,  the  following  simple  expedient  was  adopted  :-r* 
A  circular  plate  of  glass  K  L  a  foot  in  diameter^  and  having  a  cir- 
cnlar  aperture  at  its  centre  to  admit  the  screw  O,  was  attached 
by  means  of  this  screw  to  the  top  of  the  lead  weight.  Its  lower 
surface  was  silvered,  and  the  silvering  afterwards  coated  with 
shell-lac  to  protect  it  from  tbe  action  of  the  water.  The  image 
of  the  ripple  in  this  plane  mirror  mts  not  only  more  distinct  than 
the  ripple  itself,  but  the  arrangement  had  the  additional  advan- 
tage of  ohviating  errors  due  to  parallax,  siiire  the  image  of  the 
observer's  eye  could  rdways  be  made  to  coincide  with  that  of  any 
part  of  the  ripple  tmder  examination.  Lastly,  a  second  and 
transparent  g]:i^s  plate  A  A',  10  inches  in  diameter,  was  attached 
by  means  oi  h  screw  E  K'  to  the  cap  at  the  bottom  of  the  mill.  This 
plate  turned  of  course  with  the  mill,  and  could  be  gi*aduated  in 
luiy  required  manner;  it  had  a  small  indentation  at  a  point  in 
its  circumference,  in  order  that  the  axis  of  one.  A,  of  the  vertical 
jets  (or  cylinders)  might  be  made  to  describe^  precisely,  the 
eircnmimnce  of  a  drcle  6  inches  in  radius. 

26.  By  means  of  the  equations  (32)  and  (40),  one  or  two  rip- 
plea  A  a  U  and  A  (fig.  2),  and  the  locus  A  C  C|  of  their  cuspa^ 
were  carefully  plotted  on  a  sheet  of  paper;  they  corresponded  to  a 
value  of  as 5  inches,  and  in  the  case  of  the  ripples,  to  arbitrarily 
assumed  values  of  the  ratio  a  between  the  velocities  \  and  u  m 
the  wave  and  jet.  These  curves  were  next  transferred,  in  white 
paint,  to  the  glass  plate  A  A',  and  one  of  the  jets  A  made  to 
coincide  with  their  origin.  The  i.istrument  being  now  filled 
with  wnter,  the  jet  at  A'  was  made  to  issue  lioi  izontally  in  order 
to  turn  the  mill,  wliil^t  the  jet  at  A  desc(  ndt  d  vertically  into 
the  batli  and  produced  the  np])lr  t  *  lie  examiiiticl.  As  the  velocity 
of  rotation  diminished,  the  cusp  oi  the  actual  ripple  described  very 
accurately  the  curve  C|C  A  traced  on  the  glass  plate  A  A';  and 
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with  equal  accnracy  the  portion  of  this  ripple  between  the  jet 
and  cusp  coincided  successivelv  with  the  corresponding  portiona 
AasOp  AaC  of  the  theoretical  ripples.  To  test  the  coincidence 
of  the  portion  of  the  ripple  outside  the  circle  described  by  the 
jet  (A  X  E  in  fig.  7,  Plate  I.),  a  hole  was  drilled  through  the  glass 
plate  A  A'  at  a  distance  of  2^  inches  from  its  centre,  and  a  solid 
cylinder  thrust  tliroiiirli  the  same  so  as  to  be  partially  iTjimrrsed 
in  the  water  of  the  hath.  The  in  ill  was  turned  as  bclore  by  the 
jet  A' alone,  the  aperture  at  A  being  closed;  and  when  the  velo- 
city of  rotation  was  propn-ly  reorulated,  it  was  found  that  the 
complete  actual  ripple  pitjdneed  by  the  immersed  cylinder  coin- 
cided very  well  with  as  much  ot  the  theoretical  one  a«  could  be 
traced  upon  the  glass  ])late. 

27.  The  slight  divergence  from  peifect  coincidence  between 
the  theoretical  and  actual  ripples  bemg  auffidently  aoeoiinted  Ibr 
by  the  conditiona  under  whioi  the  experiments  were  made — the 
limited  extent  of  the  balh,  the  disturbing  effect  of  the  portion  of 
the  axis  O  F  immersed  in  the  water,  and  the  magnitude  of  the 
jet  (which  in^  theory  was  disregarded), — the  accuracy  of  the  prin- 
ciples upon  which  the  foregoing  theory  is  based  may  be  consi- 
dered as  sufficiently  establishedj  and  we  may  proceed  at  once  to 
give  an  account  of  the  measurements  horn  which  an  approximate 
value  of  the  velocity  X  with  which  the  waves,  producing  the  rip- 
ples in  question,  arc  |):  ipagated  mriy  Vic  deduced. 

For  this  purpose  the  curves  on  the  triass  plate  A  A'  were  obli- 
terated, and  replaced  by  concentric  circles  whose  radii  increased 
by  half  inches  from  1  to  5  inches.  A  constant  rotation  was 
secured  in  the  manner  described  in  art.  23,  and  its  velocity  de- 
termined in  each  case  by  counting  the  number  n  of  rotations 
made  in  a  given  time  the  latter  being  measured  by  an  accu- 
rate timepiece^  the  motion  of  whose  index  could  be  instajataneously 
aneated  or  renewed  hy  simply  pressing  or  releasing  a  spring. 

Since  each  jet  issues  at  right  angles  to  the  horiaontal  arm  B 
it  is  clear  that  ita  effect,  as  far  as  the  rotation  of  the  mill  is  ccm* 
eemed,  depends  not  only  upon  the  height  of  the  column  of  water 
in  the  tin  tube,  but  also  upon  the  inclination  of  the  jet  to  the 
horiaon;  for  upon  the  former  depends  the  velocity  of  efflux,  and 
the  uncompensated  pressure  against  the  part  of  the  horisontal 
tube  opposite  to  the  orifice  through  which  the  jet  issues,  whilst 
upon  the  latter  depends  the  magnitude  of  the  horizontal  compo- 
iK^nt  of  this  pressure,  which  component  is  alone  effective  in  ])ro- 
ducing  rotation.  But  every  change  in  the  velocity  of  etiiux  and 
in  tlio  iiiehiiation  of  the  jet  to  the  horizon  produces  a  corre- 
sponding change  in  the  distance,  from  the  nxis^  of  the  {)oint  at 
which  the  jet  falls  into  the  water  in  the  hath,  and  cous«*qiieiitly 
in  the  radius  a  oi  the  circle  dcsaibed  by  the  jet*   Thi^  rudiusj 
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too,  also  depends  upon  the  heig^ht  of  the  water  in  the  bath  $ 
80  that  at  first  sight  it  would  appear^  not  only  that  the  latter 
ought  to  be  kept  constant  throughout  one  and  the  same  experi- 
mmt,  but  that  ft  separate  determinatioa  of  a  should  be  made  in 

each  case. 

On  setting  both  jets  in  action^  however,  at  dilfcrcnt  inclina- 
tions, and  comparing  the  two  ripples  whieh  they  produced,  it 
was  soon  found  that,  however  much  the  radii  a  and  a'  of  the 
circles  described  by  the  jets  might  differ  in  magnitude,  the  radii 
r  and  r'  of  the  circles  described  by  the  cusps  of  their  ripples  were 
in  all  cases  nearltj  equal.  This  result  is  confirmed  by  theory, 
which  also  shows  that  the  slight  difference  between  the  radii  r 
and  r'  is  dae,  solely,  to  the  slight  difference  between  the  values 
of  the  Telocities  X  and  X'  with  whieh  the  waves,  produced  under 
these  diflferent  eireamstances,  are  propagated.  In  fiiet  it  fol« 
lows  at  once  from  equation  (35)  of  art.  20|  that 

XX'     r  r' 
tt'u'     a' a" 

and  the  angular  velocity  of  rotation  being  the  same  for  each  jet, 
their  aetnaf  velocities  u  and  will  clearly  be  proportional  to  the 
radii  a  and  of  the  circles  they  describe;  the  above  proportion, 
therefore,  redaces  itself  to  the  simpler  one, 

X:X'»r:/,  (41) 

and  thus  verifies  the  above  remark.  When  one  jet  descended 
vertically  and  the  other  issued  horizontally,  the  difference  between 
r  and  although  still  very  small,  was  at  a  maximum,  and  the 
cusp  of  the  ripple  produced  by  the  vertical  jet  was  aUvays  fur- 
thest distant  from  the  axis ;  from  which  we  may  conclude  that 
the  velocity  X  is  greater  when  the  jet  descends  vertically  into  the' 
water  of  ue  bath,  than  when  it  strikes  the  surface  of  the  latter 
obhauely.  When  the  vertical  jet  was  replaced  by  a  solid  cylinder, 
the  aifierence  between  the  positions  of  the  cusps  remained  about 
the  same  as  before,  thus  indicating  that  the  velocity  X  was  ap* 
preciably  the  same  for  a  jet  and  for  a  solid  cylinder. 

It  is  also  worth  noting  here,  that  when  the  distance,  from  the 
axis,  of  the  cusp  of  the  ripple  produced  by  the  oblique  jet  ex- 
ceeded the  radius  (5  inches)  of  the  circle  described  by  the  vertical 
Jet,  the  latter  produced  no  ripple  whatever.  The  reason  of  this 
his  already  been  given  in  art.  13;  and  in  accordance  with  the 
statement  there  made,  it  was  found  that  in  all  such  cases  the  velo- 
city of  the  vertical  jet  wns  less  than  7-|  inches  per  second,  which, 
as  we  shall  scr,  is  tiie  mean  value  of  the  velocity  X  with  which 
the  waves  produced  by  each  jet  are  propagated.  Attempts  were 
made  to  regulate  the  velocity  of  rotation  so  that  the  cusp  of  the 
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ripple  produced  by  the  oblique  jet  sboald  be  euetly  6  inehet 
dutant  from  the  axis.  Tlieoretically,  the  ripple  correipoinding 
to  the  vertical  jet  should  then  have  beeu  the  nwobUe  of  a  circk 
(arL  18);  in  reality,  however^  the  ripple  was  scarcely  distin- 
guishable in  such  eases^  the  disturbance  which  the  vertical  jet 
pro(!uced  upon  the  aoiilnoe  of  the  water  in  the  bath  being  atill . 
BO  small. 

28.  Althong;h  the  apparatus  was  sufficiently  delicate  to  esta- 
blish the  fact  of  slight  variatioDs  in  the  velocity  X  due  to  ditFcr- 
ences  in  the  obliquity  of  the  jet  and  the  velocity  of  efflux,  it  did 
not  appear  suitable  for  the  full  investigation  of  the  magnitude  and 
conditions  of  these  variations;  I  contented  myself  therefore  with 
a  few  deteraimatiuns  of  A.  from  a  series  of  observations  made 
under  all  possible  conditions.  From  them  the  limita  of  the  varia^ 
tbn  of  X  may  be  to  aome  extent  aioertamed  and  ita  mean  valne 
catiniated.  In  order  to  caleolate  X  from  the  data  anppHed  by 
experiment^  the  fonnnla 

«     «'  - 

given  in  art.  20,  requires  a  alit^ht  transformation.  The  circum- 
ference of  the  circle  described  by  the  jet  beinp;  27rrr,  and  n  rota- 
tions being  made  m  t  seconds^  the  velocity  u  has  the  value 

80  that  the  above  equation  giving  the  velocity  X  per  second 
beoomea 

X»S^j.  {4£t) 

According  to  this,  and  as  already  hinted  in  the  last  article,  the 
velocity  X  dependj?,  solely,  upon  the  number  of  rotations  in  a 
given  time,  and  upon  the  distance  r  of  the  cusp  of  the  ripple 
from  the  axis  of  the  instrument;  in  otlier  words,  it  is  not  de- 
pendent upon  the  radius  of  the  circle  described  by  the  jet ;  so 
that  it  was  not  necessary  to  determine  the  distance,  from  the 
axis,  of  the  point  of  impact  between  the  jet  and  the  water  in  the 
bath,  and  therefore  not  necessary  to  ascertain  the  height  of  the 
water  in  the  bath^  or  to  render  the  latter  constant. 
^  29.  Some  of  the  reenlta  of  a  great  many  accordant  obaerva- 
tbna  are  shown  in  the  following  Table,  wherein  n  represents  the 
nnmber  of  rotationa  per  minnte,  r  the  distance  (in  inches)  from 
the  axis  of  the  cusp  of  the  ripple»  and  X  the  velocity  in  inches 
per  second  witji  which  the  corresponding  waTcs  are  propagated, 
calculated  according  to  (4i()  s— * 
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r. 

X. 

78 

0« 

4-1 

<B 

0*8 

5-5 

59 

0^ 

5-0 

06 

lO 

5-9 

M 

1'9 

6-5 

^ 

1-8 

6*8 

42 

1*5 

n  n 

41 

1-6 

St 

9-1 

7-0 

81 

9-3 

7-3 

98 

9*5 

7-4 

S8 

9-7 

7-4 

» 

9^8 

7-4 

94 

9-9 

7-3 

99 

8*9 

7*3 

91 

8-5 

77 

90 

37 

77 

18 

40 

7%j 

15 

4-4 

78 

Of  these  resnlts  the  £nt  five  or  six  are  less  troBtworthy  than 
the  yeat^ — and  this  for  several  reasons^  amongst  which  the  follow- 
ing mij  cited  :^The  rapidity  of  the  rotation  rendera  the  da* 
tannination  of  the  position  of  the  cusp  more  difficult ;  the  proxl- 
mity  of  the  immersed  axia  interferes  with  the  clear  definition  of 
the  cusp ;  and  lastly^  the  consequences  of  a  small  error  in  esti- 
mating  the  distance  of  this  cusp  from  the  axis  increase  aa  this 
distance  diminishes,  since  the  cusp  approaches  the  axis  asympto- 
tically (art.  21).  Ou  the  other  hand,  the  rapid  diminution  of  \ 
shown  in  the  Tabic,  can  in  some  measure  be  arcoimted  for  by 
the  fact  that,  in  order  to  avoid  disturbing  too  much  the  surface 
of  the  water  in  the  bath,  it  was  found  necessary,  with  rapid  rota- 
tiouij,  to  use  only  one  jet,  and  it  of  course  isMud  at  a  siiiail  angle 
towards  the  horizon,  so  that  the  impact  between  the  jet  and  the 
water  in  the  bath  was  necessarily  a  very  oljlique  one.  But,  as 
already  mentioned  in  art.  20,  the  tendency  of  this  obliquity  is  to 
diminish  the  velocity  X.  There  can  be  no  doubt  that  the  rapid 
diminution  of  X  in  the  Table  is  to  be  ascribed  ehiefiy  to  these 
causes;  though  it  is  also  worth  mentioning  that  the  property  of 
the  wave  insisted  upon  by  Weber,  t.  e.  that  its  velocity  diminiahea 
as  its  radius  increases  (see  art.  2),  would  also  tend  to  produce 
the  effect  observed. 

In  the  last  twelve  observatious  recorded  in  the  Table,  two  jeta 
(or  a  jet  and  a  cylinder)  were  used,  and  the  ripple  of  the  vertical 
one  was  chiefly  examined.  As  a  consequence,  the  viduea  of  X 
vary  far  less,  and  7*5  inches  per  second  may  be  taken  as  a  mean 
value  of  the  velocity  with  which  waves  thus  produced  are  pro* 
pagated. 
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30.  As  an  interestiDg  coincidence,  it  may  be  mentioned  that 
Poisson^  in  his  !uemoir  before  referrpd  to*^  gives  the  results  of 
four  experiments  on  the  velocity  of  wnvca  made  by  Biot.  In 
this  case  the  waves  were  produced  by  suddenly  withdrawing  from 
the  water  a  partially  immersed  solid  of  revolution.  The  velocity 
of  the  wave  was  found  to  vary  with  the  form  of  the  body,  ana 
with  the  radius  of  its  section'at  the  water's  level.  In  one  case,  the 
body  bciug  au  elli])Soid,  and  the  radius  lu  quebtiou  equal  to  j  of 
an  inch,  the  velocitv  was  about  5^  inches  per  second :  in  another 
case,  where  the  body  was  a  spheie  and  tlie  radioa  of  the  aecdon 
If  ineh^  the  Telodty  was  7*o7  inchea  per  second.  The  wavea 
experimented  npon  hy  Weber  had  a  far  greatw  velocity :  they 
were  prodaced  by  allowing  a  column  of  liquid  insnended  in  « 
tube  to  descend  suddenly  into  the  general  maaaj  ana  their  velo- 
cities \  aried  from  17  to  84  inches  per  second. 

81.  In  the  foregoing  experiments,  the  velocity  X  waa  deter- 
mined b^  causing  an  inimeraed  cylinder  to  move  with  a  given 
velocity  m  still  water.  A  few  experiments  were  next  made  with 
a  view  of  asccrtainiri'j:  the  value  of  \  when  a  cylinder  is  simply 
innrierscd  in  a  current  of  known  velocity.  According  to  art.  10, 
*  the  sine  of  half  the  angle  2d  between  the  brandies  of  the  ripple 
caused  by  immersing  a  cylinder  in  a  current  is  inversely  propor- 
tional to  the  velocity  v  of  the  current,  and  directly  proportional 
to  the  velocity  X  in  question.    In  iact  it  was  there  shown  that 

_       ,   -  tan^ 

To  determine  the  velocity  v  at  any  point  of  the  8urfiu»  of  a 
current^  a  Wollaaton'a  current-meter  was  uwd.  As  is  knowUf 
this  instrument  consists  of  a  screw  which  is  made  to  rotate  by 
the  force  of  the  current.    The  instrument  must  be  immersed  to 

the  depth  of  two  inches  at  least,  in  order  that  the  screw  may  be 
completely  covered  by  the  water;  and  when  so  immersed,  the 
rotation  of  the  screw  can  be  communicated  at  any  instant  to  a 
divided  wherl,  and  the  comnuinication  as  suddenly  broken.  The 
space  described  by  the  current  during  the  interval  between 
making  and  breaking  this  cuiiiiiiuuication — an  interval  which 
can  be  measured  by  means  of  an  ordinaiy  watch  with  a  secondl^ 
hand — is  at  once  read  off  ou  the  wheel,  the  instrument  having 
been  previouslv  cai'efully  graduated. 

The  angle  u  waa  determined  by  meana  of  a  aimnle  inatnunen^ 
to  which  we  may  give  the  name  of  rijwle-meter.  It  oonsiatedda 
glass  plate  {BCv%  PL  lY.  6g.  3)  5  inchea  square,  through  whid^ 
'  at  a  point  A,  a  hole  ^'^th  of  an  inch  in  diameter  waa  drilkd  m 

*  M^moirea  de  i'Amd.  Roy,  den  Scicuct*  de  rimtUul,   Aanit  I6i\ 
vol  i*  p.  17^  t 
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order  to  insert  a  solid  cylinder  of  ivory  about  1  inch  long.  Pass* 
•ing  through  the  centre  of  A  and  parallel  to  the  sides  of  the  glass, 
a  fine  litie  A  a,  an  inch  long,  was  scratched  on  its  surface  with  a 
diamond  point;  and  through  the  extremity  «of  this  line  another, 
.01  »j  was  drawn  perpendicular  to  the  former,  and  graduated  on 
each  side  from  a  into  tenths  of  an  inch.  In  nsing  this  ripplc- 
nieter,  the  plate  of  glass  was  held  close  and  parallel  to  the  sur- 
face of  the  current,  so  that  the  ivory  pin,  by  becominj^  partially 
immersed,  might  cause  a  well-defined  ripple,AAc,  visible  throiiLrh 
the  glass ;  the  plate  was  then  turned  until  A  a  bisected  the  angle 

Jbetween  the  braoehes  of  this  ripple,  when  of  coarse  the  ratio 

gave  at  once  the  tangent  of  the  required  angle  6.  In  this  case, 
as  in  that  of  the  rotating  jet,  a  number  of  second, u  y  rip])les  are 
also  visible :  after  a  little  practice,  however,  and  whcu  the  cur- 
rent was  not  too  slow  (the  angle  b  kc  too  obtuse),  it  was  not  dif- 
ficult to  estimate,  approximately^  the  valne  of  tan  0  corresponding 
to  the  principal  ripple. 

The  following  Table  contains  a  few  of  the  best  results  of  many 
experiments  made  on  streams.  In  it  the  first  column  gives  the 
vafaes  of  tan  ^  as  read  off  on  the  ripple-meter ;  the  second  column 
^hows  the  corresponding  values  of  the  velocity  v  as  indicated  in 
teet  per  minute  by  the  current-meter ;  and  the  third  oolumn 
contains  the  respective  values  of  X,  calculated  according  to  the 
formula  (43)^  in  inches  per  second. 


V. 

X. 

•M0 

44 

6-9 

•775 

561 

6-8 

•705 

69 

6-8 

•577 

67 

67 

•645 

71 

68 

■392 

96 

70 

•388 

1U5 

The  observations,  of  which  the  above  are  some  of  the  most 
trustworthy  results,  were  made  at  different  periods  on  streams 
in  Hampshire  and  Olouccatershire.  When  we  take  into  consi- 
deration the  fact  that  a  stream  could  rarely  be  found  where  the 
velocity  at  any  one  point  remained  constant,  that  in  all  cases 
this  velocity  was  dcterniiued  with  the  current-meter  at  a  point 
2  or  3  inches  below  the  surface,  and  lastly,  that  the  method  of 
estimating  the  ancrle  formed  by  the  branches  of  the  ripple  can  , 
only  lead  to  approximate  results,  the  general  agreement  of  tiic 
values  of  \  with  those  obtained  from  the  rotatory  experiments  is 
as  dose  as  could  be  expected.   The  results  appear  to  indicate' 
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that^  with  one  and  the  same  immened  body,  the  value  of  X^nuriea 
aomewhat  with  the  vdoclty  of  the  corrent;  but  theie  can  be 
little  doubt  that,  under  more  favourable  circumatances,  thia 
variation  would  be  found  to  be  far  leas  than  that  indicated  by 
the  Table. 

In  many  eaaea  no  ripple  whatever  was  produced  by  the  immer- 
sion of  the  cylinder  of  ivory  attached  to  theripple-meter;  and  in 
all  such  cases  the  current-meter  indicated  a  velocity  less  than  7 
inches  per  second ;  the  quickest  of  such  currents  in  fact  had 
only  a  velocity  of  25  feet  per  minute,  or  5  inches  per  second. 
This  corroborates  the  cxplannnon  /wen  in  art.  11^  where  it  was 
foreseen  that  a  body  irnnjeraed  m  a  current  whose  velocity  was 
less  than  that  of  the  wave,  would  allow  the  water  to  iiow  past 
it  without  visibly  rippling  its  surface. 

The  phenomenon  represented  by  the  second  fifrure  of  art.  10, 
where  the  branches  of  the  ripple  turn  their  concavities  towaids 
each  other,  and  which  was  shown  to  be  a  necessary  consequence 
of  Weber'a  atatement^  that  the  vdocity  of  the  wave  diminiuiea  aa 
ita  radius  increases,  waa  never  observed.  A  alight  concavity, 
however,  might  easily  have  escaped  detection. 

82.  The  velocity  X  being  once  determined  for  any  ripple-meter, 
we  can  of  course  by  its  means  determine,  conversely,  the  velocity 
of  a  current,  provided  the  latter  exceeds  the  limit  X.  For  thia 
purpose  I  made  use  of  a  more  convenient,  though  perhaps  less 
accurate  ripple-meter,  with  a  description  of  which  I  will  conclude 
the  present  paper.  A  B  and  A  C  in  fig.  4  rrprcsent  two  strips  of 
brass,  eacii  o  inches  long,  and  made  to  turn  rouiui  A.  Tlieends 
B  and  C  of  these  strips  also  turn  on  axes  at  the  extrcniities  of 
two  brass  stirrups  B  F  and  C  G,  through  which  passes  a  wooden 
scale  DE  divided  into  twentieths  of  an  inch.  The  cylinder,  of 
the  haiiic  dioiLiisions  as  before,  by  whusc  iiiiiiiersion  in  the  cur- 
rent ripples  are  produced,  is  pushed  through  an  aperture  in  the 
ioint  A.  The  stinup  B  F  being  fixed  at  the  zero  of  the  scale,  ia 
held  there  by  a  clamping  screw  F,  and  the  stirrup  C  G  is  maide 
to  slide  along  the  sc»le  until  the  strips  AB,  AC  are  paraliel 
to  the  branches  of  the  ripp!e.  This  adiustment  once  made,  the 
distance  B  C,  as  read  off  from  the  scale,  being  directly  proper- 
tional  to  2  sin  0,  is  clearly  inversely  proportional  to  the  velocity 
of  the  current  (arts.  10  and  31). 

The  decrease  in  velocity  from  the  centre  to  the  banks  of  a 
stream  is  clearly  indicated  by  this  little  instrument.  As  an  illus- 
tration, T  e^ive  the  results  of  a  few  obseiTations  made  on  a  mill 
stream  at  Bnmsconihe  near  Stroud.  A  wooden  plank  ^vns  thrown 
across  the  strentn,  which  was  about  7  feet  6  inehes  wide,  and 
upon  it,  comuieucing  at  one  bank,  marks  were  made  9  inches 
apart.   By  kueeling  on  the  piank,  the  ripple-meter  was  im- 
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mersed  in  the  current  exactly  under  each  mark.  In  explanation 
of  the  following  Table,  it  is  only  necessary  to  add  that  the  first 
column  N  shows  the  number  of  the  mark  ou  the  plank ;  the 
second  column  D  the  distance  in  inches,  of  that  mane  from  the 
bank;  the  third  column  d  the  depths  in  inches,  of  the  atream 
it  each  mark;  the  fourth  column  the  values  proportbnal  to 
2msi  $n  read  off  on  the  ripple-meter ;  and  the  last  column  i>  the 
telocitiea  in  feet  per  minute,  of  the  current  aa  calculated,  on  the 
hypothesia  of  X»  7*6  inches  per  second,  by  formula  (48) : 


N. 

D. 

d. 

9  tin  9. 

r. 

0 

0 

11 

•  •  « 

1 

9 

16 

98 

63 

t 

18 

18 

74 

88 

• 

97 

tt 

77 

80 

4 

86 

24 

67 

92 

5 

45 

23^ 

60 

103 

9 

5i 

18 

57 

108 

7 

63 

14 

59 

104 

8 

7i 

13 

68 

91 

81 

13 

9i 

65 

10 

90 

19 

In  eondusioii  it  may  be  added  that,  if  desired,  more  aocurtte 
ripple-meters  might  easily  be  derised,  and  by  means  of  such  the 

velocities  of  currents  m^ht  be  determined  from  the  forms  of  their 
ripples  with  a  degree  of  precision  little,  if  at  all,  inferior  to  that 
possessed  by  the  methods  now  in  use.  It  is  from  a  theoretical 
point  of  view,  however,  that  the  relation  between  waves  and  rip- 
ples, which  we  have  endeavoured  to  establish,  promises  the  great- 
est intercut.  For  there  can  be  little  doul)i  tliat  a  skilful  rxppri- 
iiienter,  pursuing  the  subject  in  this  direction,  would  c:rratly 
extend  our  present  knowledge  with  rcsj)t'ct  to  the  changes  in  the 
velocity  of  a  current  at  different  points  of  its  surface,  and  espe- 
cially with  respect  to  the  velocities  with  which  different  kinds  of 
waves  arc  propagated  ou  the  surface  of  still  water,  and  to  the 
variation  of  this  velocity  during  the  propagation  of  one  and  the 
aanie  wave. 
Jsnusij  16, 1861.  . 


XXX.  On  the  Efjuilihrium  of  a  Fl'dd  Mass  revolving  freely 
withm  a  J  Jo /law  Spheroid  abuul  an  Axis  which  is  not  Us  Ajeis 
of  si^mmetry.    By  G.  R.  DAHLANOEii*. 

IF  we  suppose  a  fluid  ellipsoid  to  revolve  alone  about  an  axis 
which  is  not  an  axis  of  symmetry,  we  easily  perceive  that 
it  cannot  assume  a  position  of  equilibrium.    It  is,  however,  dif« 

*  Commmuested  by  the  Author* 
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ferent  if  we  snppose  the  fluid  mass  surrounded  by  ahoUowtphe* 
roid,  the  two  bounding  surfaces  of  which  arc  not  concentric. 
The  fluifl  mass  can  then,  under  certain  cireumstances,  actually 
assume  a  position  of  equilibrium,  even  when  its  a\is  of  rotation 
is  entirely  external  to  the  mass  itself,  and  when  it  thus  plays  the 
part  of  an  inner  satellite  to  the  hollow  sphrroiil,  with  which  it 
has  a  common  motion  of  rotation.  The  existt  iice  of  such  sin- 
gular states  of  equilibnuiu  wc  will  now  demouslrate. 

Suppose  ihc  hollow  spheroid,  together  with  the  internal  fluid 
mass,  to  revolve  about  the  aids  of  uie  outer  bounding  surface  of 
the  spheroid,  the  axw  of  the  inner  bounding  surface  being  paraUel 
to  the  azie  of  rotation.  The  fluid  masa  can  then  assume  a  position 
of  equilibrtum  in  which  its  figure  is  that  of  an  ellipsoid  of  rota- 
tion, whose  axis  is  parallel  to  the  above-mentioned  axes. 

Let  the  centre  of  the  outer  bounding  surface  be  the  origin  of 
a  system  of  rectangular  coordinates,  the  axis  of  2:  coinciding  with 
the  axis  of  rotation*  Let  m,  n,  and  p  be  the  coordinates  of  the 
centre  of  the  inner  bounding  surface,  and  «,  y  those  of  the 
centre  of  the  fluid  mass.  The  equation  of  the  surface  of  the  fluid 
will  then  be 

If  the  component  parts  of  the  attraction  parallel  to  the  axe^  be 
denoted  by  X,  Y,  Z,  we  have 

•  X=-i\Lr+M'(jr-m)-M"(ar-«), 
Y — My + M'(y-  ti)  -  M"(y-.  jS), 
Z  =  -  N«  +  N' -N"(^-7). 

If  therefore  the  angular  velocity  be  denoted  by  w,  we  get  for  the 
differential  equation  of  the  surfaces  de  niveau, 

(-M« + M'(*-i»)  -  M"(«-«))d:ir+ (  -My + M^-it) 

+wV^+y<<^)»0|  (^} 

where      M',  M",  N,  N',  and  N"  are  independent  of  or,  y,  g» 

Consequently  by  integration  wc  get 

(-M + M'  -  iVF  +  to%v* + y^)  +  ( -  N  +  N'  -  N  V 
+2(-M'jn + M"«)#+ 2(-M'it + M"|3)y 
+  2(-N';>+N"7>=0  (3) 

As  equations  (1)  and  (3)  are  to  be  identioal,  we  have  the  fol- 
lowing  equations  of  condition 
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"^y"  -  M  +  M'  -  M"  +  fl«' 
From  which  we  obtain 


(*) 


(6) 


From  the  first  two  of  eqaationt  (5)  it  follows  that 

The  geometrical  sign iticiLt ion  of  this  proportion  is,  that  the 
centre  of  the  fluid  mass  be  m  the  plane  which  passes  through 
the  axis  of  rotation  and  the  centre  of  the  inner  bouiulinp:  surface 
of  the  spheroid.  AVc  iind,  moreover,  that  the  positiun  of  this 
centre  in  a  state  of  equihbrium  with  a  fixed  angular  velocity  is 
independoit  of  the  density  of  the  floid^  supposing  the  form  end 
density  of  the  outer  spheroid  to  he  the  same*  Farther^  we  find 
that  if  a  fluid  ellipsoid  satisfy  the  conditions  of  equitihrium^  all 
other  similar  ellipsoids  of  the  same  densitv  will  also  satisfy  these 
conditions.  Generally,  from  equations  (5),  real  finite  positive  or 
negative  values  of  a,  fi,  y  can  be  obtained  if  H,  N', 

p,  and  w  are  given .  But  one  or  more  of  these  values  may  become 
infinite  under  certain  cirenmstances.  Tliis  is  the  esse  when  the 
two  bounding  surfaces  of  the  solid  spheroid  are  similar.  Then 
M  =  M'  and  N  =  N',  wliencc  the  value  for  y  would  be  infinite, 
unless  at  tlie  same  time  /}=0,  in  which  case  7  can  have  any 
value  whatever. 

The  last  of  equations  (4)  constitutes  the  real  equation  of  con- 
dition, which  determines  the  relation  which  must  subsist  between 
the  density,  form,  and  angular  velocity  of  the  fluid  mass,  m  order 
that  equilibrium  may  be  possible  for  the  given  values  of  M,  M', 
and  N'.  We  shaU  separately  consider  the  particular  case  when 
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botli  the  bounding  surfaces  of  the  bunounding  spheroid  are 
siiiiilar. 

From  what  has  befor  c  b  ecn  stated,  it  is  evident  that  jt;  becomes = 0, 
Wc  can  take  for  the  axis  of  y  a  line  which  lies  in  the  plane 
passing  through  the  centre  of  the  fluid  mass  and  the  eeiitns  of 
the  bounding  wshae^  In  tliis  cue  ii»0  and  fi^O,  and  alto 
M=sM'  and  N=N'«  We  shall  now  examine  if  an  oblate  ellip- 
■oid  of  rotation  can  aatiafy  the  conditions  of  cquilibrinm.  Sup- 

posing  ^s=l-i-X%  and  the  density  of  the  iiuid  =     then  the 

last  of  eqoations  (4)  will  become 

_    7rp/^     a"  arc  tan  X) 

1  +  X«=  *  ^ 


If        ^  taken  s^S,  the  equation  of  condition  beoomea 

B=.2I£^(X«+8)-§.    ....  (6) 

But  this  equation  ia  just  the  same  as  that  we  obtained  in  de- 
termining the  eonditiona  of  equilibiinm  of  a  freely  reiolving  fluid 
mass  whose  partides  attract  each  other.  Thus  we  find  that  pre- 
cisely the  same  conditions  of  equilibrinm  are  involved  when  the 
fluid  is  revolving  in  a  hollow  ellipsoid  with  similar  but  eccentric 
bounding  surfaces,  and  when  it  is  perfectly  free.  To  a  given 
value  for  X  there  is  therefore  always  a  corresponding  angular 
velocitj;  and  to  a  given  angular  velocity  there  corresponds 
either  no  ellipsoid^  or  one  ellipsoid^  or  two  different  eUipsoidii, 

according  as  E  is  =  0  2246. 

Between  the  rotation  of  a  fluid  mass  confined  in  a  hollow  sphe- 
roid and  a  mass  which  revolves  freely,  there  is«  however,  this 
important  difference,  that  in  the  former  case  the  rotation  does 
not  take  place  about  the  axis  of  symmetry  of  the  fluid  unless 

both  the  bounding  surfaces  of  the  spheroid  are  concentric,  but 
about  a  parallel  axis  which  is  the  axis  of  symmetry  of  tlie  onter 
))ou Tiding  surface  of  the  spheroid, — the  distance  between  the 
two  axes  being 

•"'I?-.  (7) 

whence 
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But  M'm  19  the  attraction  which  the  liollovv  spheroid  ext  i  ts  on 
any  point  withm  it,  and  aii^  is  the  centrifugal  force  at  the  axis  of 
symmetry  of  the  fluid  mass.  Whence  wc  find  that  at  the  centre  of 
the  liiiid  mass  the  acting  forces  counterbalaiice  each  other,  which 
might  have  been  anticipated  from  a  known  theorem  in  mechanics. 

Oothenburgh,  January  /,  1861. 


XXXI.  Remarks  on  Sainte-Claire  Deville's  Tlieory  of  Dissocia' 
tion.    By  Thomas  Woods,  M,D. 

To  the  Editors  of  the  I^Juioso^hicai  Magazine  and  Journal. 
Gentlemen,  Parsonstown,  February  18(5 1. 

IN  an  interesting  paper  by  v^nintrX'laire  Deville  published  in 
this  ^Ia2:;izine  last  Deceuiix  r,  tliat  author  pives  hi.s  views  on 
the  decomposition  of  bodies  by  heat.  His  idea  of  the  relation 
and  behaviour  of  the  constituents  forming  a  compound,  towards 
each  other,  is,  physically  considered,  the  same  as  that  which  I 
published  m  this  Journal  so  lung  ago  as  Jiiiiuaiy  1852;  that  is, 
that  they  act  uiercly  as  the  molecules  of  a  simple  body,  differing 
in  nothmg  from  the  hitter,  except  that^  being  diverse,  they 
ire  capable  of  attaining  a  greater  proximity  among  themselveai 
and  so  of  causing  a  greater  opposite  movement  in  the  particles 
of  other  bodies.  A  reference  to  my  pap^  will  show  a  diagram 
I  gave  in  order  to  explain  this  «niuarity  of  constitution.  The 
paper  was  tbcrefm  tne  more  interesting  to  me  as  it  brings  for* 
ward  fresh  ideas  on  a  thought-of  subject.  As  I  do  not,  hovr* 
ever,  vet  agree  vrith  what  is  new  in  it,  I  beg  to  offer  a  few 
femarks  on  some  of  its  contents;  and  int  with  respect  to  his 
theory  of  dissociation. 

Sninte-Chiire  Deville  thiTilcs  that  compound  p-ase^  aoJ  vapours, 
when  heated  to  a  certain  temperature,  as  steam  at  1000^,  undergo 
some  such  change  as  a  solid  body  does  when  it  liquefies ;  that 
the  constituent  particles  being  removed  from  eacli  other,  as  well 
as  the  compound  particles,  the  gas  loses  iilauiUty,  and  that  heat 
is  rendered  latent  thereby.  This  condition  he  calls  the  dissO' 
ciaied  state.  I  do  not  find  he  offers  any  demonstration  of  this 
state,  but  that  he  only  ascribes  to  its  inflnence  the  production 
of  some  phenomena  previously  otherwise  enpkined.  For  instance, 
to  account  for  the  heat  of  chemical  combination^  he  takes  for 
granted,  as  an  example,  that  the  molecules  of  chlorine  and 
hydrogen  are  doable,  and^even  at  low  temperatures,  in  the  disso- 
ciated state ;  and  then  ascribes  the  heat  produced  by  their  union 
to  the  latent  heat  of  thia  particular  condition,  which  he  imagines 
is  given  out  when  the  gases  by  their  combination  get  into  a  state 
of  stability. 

NoW|  if  the  heat  produced  in  this  instance  is  doe  to  the  change 
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of  state  of  the  chlorine,  how  docs  it  happen  that  the  same  airioimt 
is  produced  when  the  chlorine  combines,  not  being  in  the  gaseous 
state  at  all  ?  If  hydrochloric  acid  and  zmc  are  placed  together^  the 
chlorine  unites  with  the  mc,  tad  the  same  quantity  of  heat  is 
evolved  as  when  the  sine  burns  in  the  ^as ;  and  the  same  amount  is 
ahiorbed  by  the  decomposition  as  if  both  the  constituents  again 
attained  the  gaseous  state;  or  if  (to  take  an  instance  where  no 
gas  is  present^  either  in  eomlnnation  or  decomposition)  zinc 
causes  a  deposition  of  copper  from  chloride  of  copper,  exactly  the 
tame  heat  is  produced  by  the  combination  of  the  chlorine  and 
copper,  and  exactly  the  same  ouantity  is  absorbed  by  the  decom- 
position, as  if  the  chlorine  ana  copper  acted  as  gases,  changing 
their  state  as  they  combined  or  composed.  T^nlesa,  therefore, 
it  is  imagined  that  ^vhcT\  the  chlonne  leaves  the  copper  or  hy- 
drogen it  becoines  for  a  tmie  a  gas  and  enters  mto  the  diaso" 
dated  state,  absorbing  heat,  and  acrain  becomes  solid,  giving  it 
up,  I  cannot  sec  how  the  tenqjirature  is  raised.  But  even 
granting:  that  it  does  so  the  phenomenon  could  not  be  accounted 
for,  because  when  zinc  decomposes  chloride  of  hydrogen  or 
chloride  of  copper,  more  heat  is  produced  by  the  combination 
than  is  lost  by  the  deeompoeition :  and  sneh  could  not  occur  If  it 
were  due  to  the  htent  heat  of  dissociation ;  for  the  heat  would  be 
taken  in  the  first  instance  from  the  materials  afterwards  heated, 
and  so  an  exchange  only,  and  not  an  increasei,  would  be  eflfeoted. 
It  might  be  said  that  the  sine  influences  the  result ;  that  is,  that 
metals  have  a  certain  amount  of  heat  connected  with  them  which 
is  given  out  in  combining^  and  that  this  being  jitter  in  some 
instances  than  in  others,  might  account  for  the  increase  of  tem* 
perature  when  the  zinc  displaces  the  hydrogen.  But  if  all  bodies 
havedetiiiite  qnantiticR  of  heat,  as  Sainte-CIaire  Deville  seems  to 
think,  the  same  order  ought  to  be  observed  in  the  amounts  evolved 
by  their  combination  with  the  gases.  For  instance,  if  an  equi- 
valent of  chlorine,  by  uniting  with  zinc,  copper,  silver,  &c.,  pro- 
duces heat,  the  quantity  of  which  vanes  in  the  order  in  which 
the  metals  arc  named,  oxygen  ought  to  do  the  same,  it  the 
heat  evolved  in  combination  was  previously  connected  with  the 
combining  bodies :  but  it  is  known  that  such  is  not  the  casew 
Chlorine  produces  more  heat  with  stiver  than  it  does  with  copper, 
and  oxvgen  the  reverse.  Instances  of  this  kind  might,  of  course, 
be  multiplied  j  and  they  prove,  I  think,  that  no  fixed  amount  of 
heat,  resulting  either  from  change  of  condition,  or  from  latent 
heat  becoming  evolved  as  it  does  in  the  condensation  of  vapour, 
can  be  connected  with  matter  as  part  of  its  constitution,  inde* 
pendent  of  alteration  of  the  relation  of  particles. 

Deville,  in  fine,  thinks  that  every  body  possesses  a  certain 
amount  of  heat,  or  condition  in  itself  wheceby  heat  can  be  pro- 
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dneed ;  and  therefoit  om  of  the  eottbining  bodiee  mijiki  evolve 

from  itself  the  heat  of  combination ;  whereaa  the  theory  I  pub* 
lished  in  1852  divests  particles  of  any  infloenceeieept  that  of  les- 
sening the  distance  between  themselves^  or  of  destroying  volume, 
as  th^  come  together,  and  so  that  at  least  two  partides  of  matter 

are  essential  to  its  production.  In  his  theory  each  body  en- 
gaged in  chemical  nction  is  «fiid  to  ^Wc  out  beat  by  change  of 
condition;  in  mine  the  \o1uijil'  onb,,  or  distance  between  the 
constituent  particles,  is  f;u])[)Oscd  to  bi- altered.  I  still  think  the 
latter  theory  the  more  k  asuuabiej  and  more  in  accordance  with 
our  present  scituLitic  knowledge. 

M.  Deville  seems  to  reject  this  latter  theory,  because  the 
contraction  arising  in  cheiiucal  combination  is  not  equivalent  to 
the  expansion  or  heat  produced ;  and  he  calculates  uie  contrac- 
tiim  frhea  oxygen  and  hydrogen  unite,  to  show  that  it  is  not  of 
the  sane  value  or  extent  as  the  increase  of  vdame  given  toother 
bodies  as  the  aecompauying  or  opposite  movement  He  also 
shows  how  chlorine  and  hydrogen  nnite  withont  contraction  at  all; 
yet  that  expansion  in  other  bodies  or  rise  of  temperature  is  Ihe 
result.  This  apparent  argument  against  the  theory^  however,  dis- 
appears when  it  is  considered  that  the  particles  whose  combination 
evolves  the  heat  are  not  the  same  as  those  which  determine  the 
volume.  When  oxygen  and  hydrogen  unite,  these  elemental 
gases  themselves,  by  coming  together,  cause  other  bodies  to 
expand,  and  so  arc  said  to  give  rise  to  heat;  but  the  volume 
attained  by  the  compound  they  produce  is  determined  by  the 
distance  between,  not  the  oxygen  and  hydrogen,  but  between 
the  particles  of  the  water  that  results.  In  order,  therefore,  to 
calculate  the  coiitrattion  which  causes  the  heat,  we  hhoulil  know 
what  takes  place  between  the  constituents  of  the  compound : 
the  bulk  or  volume  of  the  compound  itsdf  tells  nothing. 

An  argument^  therefore,  for  some  neeessary  ehange  of  state 
in  combining  bodies  aa  the  cause  of  heat,  drawn  irom  the  appa** 
rent  want  of  coincidence  between  the  contraction  on  the  one 
hand  and  the  heat  or  expansion  on  the  other,  is  valueless. 
Besides,  I  have  shown  (Phil.  Mag.,  January  1852)  that  the  co- 
efficient of  expansion  increasing  with  the  dilatation,  the  nearer 
partides  are  to  eadi  other,  the  greater  is  the  effect  they  prodnoe 
by  a  given  contraction  in  causing  expansion  in  other  bodies;  so 
that  it  ia  not  only  necessary  to  know  the  amount  of  contraction 
amongst  the  constituents  of  a  compound  at  the  time  they  com- 
bine, but  also  the  distance  they  ultimately  arrive  at  with  respect 
to  each  other,  before  we  can  calculate  the  amount  of  heat  they 
ought  to  produce*. 

•  In  the  laat  edition  of  Grove's  •Correlation  of  the  Physical  Forest,* 
when  spetikuig  of  th«  theory  1  brought  forward  la  1862,  to  account  for  the 
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But  this  state  of  diitodaium  is  altogetber  founded  on  gra- 
luitoQs  aasnmptioiis.  The  ground  from  which  it  springs  is  this : 
that  as  eompoond  bodies  when  heated  e]q)and,  the  oonstitnents 
most  xeeede  from  eaeh  other  as  wdl  as  the  compound  fmrtides. 
But  this  proposition  has  yet  to  be  proved*  I  belie?e  many  facts 
favour  an  opposite  condnsion  :  for  instance,  not  to  speak  of  the 
manner  in  which  solids  and  fluids,  when  tUag^  bodies,  expand, 
being  somewhat  similar  to  the  same  prooess  in  compoimdi,  Qay- 
Lussac's  law  with  respect  to  the  equal  expansion  of  all  gases  and 
vapours  for  e(j[ual  increments  of  beat,  would  surely  show  that 
the  constituents  of  a  compound  do  not  recede  from  each  other 
in  expandini^.  Hydrogen,  or  any  other  siiii])lc  gas,  and  vapour 
of  ether,  or  other  compound  gas,  expand  exactly  according  to 
the  same  law.  Could  this  occur  with  the  simple  particles  of 
liy(lro«^en  to  the  same  extent  precisely  as  with  compound  mole- 
cules of  ether,  where,  instead  of  two.  we  have  ten  elementary 
atoms  to  divide  the  distance  and  uioviug  force  between  them,? 
The  resistance  to  expansion  of  a  gas  by  heat  seems  to  be  the 
weight  of  the  atmosphere ;  and  consequently  in  aU  gaseSi  the 
feame  lesistanee  being  present,  the  same  expansion  Is  attained  by 
a  certain  increase  of  temperature*  Now  in  a  simple  gas  the 
Weight  is  the  only  resistance;  whereas^  if  Deville's  theory  is  cor^ 
xect,  there  is  in  compound  gases  not  only  the  weighty  but  the 
affinity  of  the  constituents  to  be  partly  overcome;  and  yet  the 
same  expansion  is  noticed  for  the  same  increase  of  temperature 
in  both.  But  this  would  be  impossible,  except  we  imagine  that 
the  separation  of  these  constituents  does  not  absorb  het^  which 
we  know  it  docs. 

It  seems  to  me  that  this  fact  alone,  of  the  similar  and  equal 
expansion  of  simple  and  couipuund  irnses  by  heat,  shows  that 
no  motion  taktis  place  in  one  which  does  not  occur  in  the  other; 
therefore  that  no  expansion  of  the  particles  themselves,  that  is, 
that  no  separation  of  the  simple  constituents  of  the  compound 
Inolecule  is  produced  by  raising  its  temperature,  and  con- 
sequently that  this  state  of  dinoeiaiian  does  not  exist. 

A  consideration  of  other  portions  of  the  paper  would  lead  me 
too  far  for  the  present,  but  I  may  recur  to  it  if  yoa  think  the 
subject  sufficiently  interesting  for  your  Magazme. 

Your  obc (li  nt  Servant^ 

Thomas  Woons,  MJ). 


heat  of  chemical  combination,  he  sceras  to  think  it  nn  objection  (pnge  177) 
tUiit  the  whole  expansion  which  would  be  an  equivalent  to  the  cuutraction 
of  tiie  eombining  particles  ii  not  seen  in  the  compound  produced ;  but 
inrdy,  as  tiib  ▼oiume  would  be  the  tm^ptrature  evolved  by  the  combina- 
tion, it  cnnnot  TVinain  longer  t1t;\Q  E  tnomeat  in  the  OOffipOtUld;  it  MBit 
be  dispersed  to  sunouadiug  bodies. 
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William  Swan,  Profenor  ^NaiwJ  PMUnophy  in  the  UmM 
CoUege  of  8t  Sahator  and  8L  Leonard,  8i,  AndmoBK 

IN  the  '  Athenaeum '  of  the  5th  of  January,  Admiral  FitzRoy, 
writing  ou  the  subject  ul'  the  temperature  correction  of 
siphon  barometers^  invites  attention  to  an  experiment  recently 
Blade  by  Mr.  Negretti.  A  aiphon  barometer  waa  heated  to 
,  about  110^  from  some  lower  temperaturo,  wben  it  waa  found 
that,  altbonjpb  tbe  mercury  rose  in  the  long  or  vacuum  leg  of  the 
aiphon,  it  did  not  riae,  but  seemed  to  be  depressed,  in  the  abort, 
or  onen  leg.  The  late  Mr.  Bobert  Bryson  of  Edinburgh  invented 
ft  aeu-registering  barometer,  which  is  described  in  the  Transac* 
iiona  of  the  Boyal  Society  of  Edinburgh  fur  1844t.  In  that 
instrument^  yariations  in  the  pressure  of  the  atmosphere  were 
indicated  by  means  of  a  float  resting  on  the  surface  of  the  mer- 
cury in  the  open  of  a  siphon  tube,  precisely  as  in  the  ordi- 
nary wheel  bnroniLter.  Mr.  Bryson  was  nnxious  to  asccrLaui 
whether  his  instruuitnt  required  any  notaljle  correction  for  tem- 
perature; and  to  settle  that  point  ( xperimentally,  a  Bunten'i 
barometer  waa  heated  to  a  high  teniperature.  In  liun ten's  baro- 
meter the  effective  height  of  the  mercurial  column  is  ascertained 
by  reading  two  vcrmers;  one  ludicauiig  the  kvcl  of  the  upper, 
and  the  other  that  of  the  lower  surface  of  the  mercury  in  a  siphon 
tubOi  Mr.  Alexander  Bryson,  who  made  the  expenmen^  found 
that  the  reading  of  the  upper  vemier  rapidi  v  changed  with  inereaaa 
of  tempefature,  while  the  reading  of  ue  lower  vemier  remained 
aenaibly  oonstan^ — proving  that  the  level  of  the  mercury  in  the 
(open  1^  of  the  siphon  was  very  little  affected  by  change  of  tem- 
perature. Mr.  Bryson  having  communicated  to  me  the  reault 
of  hia  experiment,  I  immediately  gave  him  an  investigation  of 
the  temperature  corrections  of  the  two  surfaces  of  the  merciuy 
in  the  siphon  barometer,  of  which  the  following  is  substantially 
a  reproduction.  As  Admiral  FitzRoy  has  expressed  soinc  doubts 
regarding  the  results  of  observations  of  siphon  barometers  *'  as 
hitherto  obtained,"  I  have  dcetncd  it  desirable  to  make  the  fol- 
lowing investigation  perfectly  general,  so  as  to  include  every  form 
of  tube;  and  in  the  first  instance  I  have  avoided  employing  any 
formula  which  la  only  approximately  true. 

Let  be  the  vertical  distances  of  the  upper  and  lower  sur- 
facea  of  the  mercury  in  a  siphon  barometer,  reckoned  from  any 

*  Commuuicatcd  by  the  Author ;  the  results  of  the  inTestigation  havhlf 
been  communicated,  on  the  2nd  «f  Februaiy,  to  tiie  liletaiy  and  Philo* 
lophical  Society  of  St.  Andrews. 

t  VoL  XT.  p.  503. 


Digitized  by  Gopgle 


lioiizontal  plane  below  the  instruineiit,  and  h  the  barometric 
pressure,  all  at  a  temperatuic  of  i  degrees  Centi^de.  When 
tlic  temperature  xi&ta  to  ii-Ai  degreeii^  let  the  abuvc  quantities 
become 

then^  if  fits  cubic  ezpansioa  of  mercury  tor  ou6  d^pree  Centigrade 

Ak^mkAi, 


and 

we  have 

Now  if 


A + Ms  (i^ + ^i)  -  (Ai+ AAJ, 
Ahi^Ah^^Ahz=mhAt» 


e  =  volume  of  mercury  in  the  l»roiiieter| 

a  as  area  of  the  bore  of  the  tube  at  upper  waAot  of  mercury; 

h  «  area  of  the  bOM  of  the  tube  at  lower  aox&ea;  all  at  I 

degrees ; 

the  superficial  and  ^  =  the  cubic  dilatation  of  glass ; 

it  will  be  easily  seen  that^  at  the  temperature  t-^At  degrees,  the 
capacity  of  that  part  of  the  tabe  which  waa  occupied  by  the 
mercQiy  at  t  degrees  will  become  e(l  +  ^^Ai);  while  the  capacitiea 
of  the  portions  of  the  tube  at  the  ends  of  the  former  mercurial 
column^  which  are  now  filled  by  the  expanded  mercniy>  and 
whose  lengths  are  Ah^,  AAg^wiU  oe 

a(l  -\-giAt)Ahi,    b{i  +^iA/)AAg. 

The  whole  volume  of  the  mercury  will  therefore  be 

{aAk^+bAh^)(i-^g,At)-hc{\+ff^At). 

But  the  volume  of  the  expanded  mercury  must  also  be 

c{l+mAt)i 

whence 

(oAA, + bAh^{l  ^c(m^if^At. 

Thia  equation^  along  with 

Ahi^Ah^^mhAi, 

gives 

AA  -  {c{m-sf^-^bmh(l+ff,A{i\Ai 
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Now  since  m  is  greater  than  ff^,  the  coefficient  of  c  in  the  above 
values  of  AA^  AA^  is  positive ;  and  the  coefficient  of  h  is  also 
positive  for  all  possible  values  of  At — f/i  being  a  very  small  quan- 
tity. It  is  therefore  obvious  that  AA,  can  never  vanish,  but 
that  AA^  may  be  positive^  negative^  or  lero,  according  to  the 
Yulues  wnidi  nuqr  oe  mipit>d  to  Oy  and  A.  The  depression^ 
by  beat^  of  the  mercury  in  the  open  leg  of  the  iiphim,  or  in 
other  wordij  the  negative  falue  of  Ak^  obMnred  by  Mr.  Negretti^ 
and  the  valne  wro  of  the  aame  quantity,  obeerved  by  Mr,  Alex* 
mder  Biyaon,  are  therefore  both  perfectly  accounted  for. 

It  also  eppeaia,  and  this  seems  to  be  cl  practical  importanee, 
that  we  can  altogether  get  rid  of  the  tempentnre  coireetion  for 
the  lower  surface  of  the  mercury,  for  any  one  given  atmospheric 
pressure,  by  properly  adjusting  the  value  of  c,  and  that  thus  we 
shall  be  able  to  make  the  temperature  corrections  for  all  other 
pressures  exceedingly  small. 

For  this  purpose  it  will  be  convenient  to  simplify  the  expreg- 
tiona  for  A^j,  AAg  by  rejecting  amall  terms.  We  then  obtain 


^  S+? 


and  AA,  will  vanish  when 

amk 


A  particular  ease  will  beat  illustrate  this.  Siq^oae  that  the 
siphon  consists  of  two  tubes  of  a  uniform  bore  a,  connected  at 
the  bottom  by  a  narrow  channel  whoae  capacity  may  be  neglected* 
We  have  then 

esa(A+20 ; 
AA,=  {(m-yJ/+(m-ii7j^}A/; 

and  when  AA,=0, 

We  must  now  select  some  particular  value  of  h  for  which  the 
temperature  correction  is  to  vanish ;  and  we  shall  have,  upon  the 
whole,  the  smallest  temperature  coneetaona  for  extreme  values  of 
h  if  we  make  the  temperature  correction  disappear  for  ita  meois 
value,   Asaoming  then  A=#29'5  inchea  aa  sufficienUy  near  the 
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meaa  atiiiospheric  pieiiiurej  and  adopting  for  the  coefficients  of 
cable  expaosion  of  mercury  and  ^lass  for  one  degree  Centigrade 
thevalaes 

mas  •0001803,  ^2=:*0000258^ 

we  obtain 

;=2*468  incbes. 

This  indicates  a  perfectly  practicable  arrangement.  To  ren- 
der the  temperatttte  correction  insensible  at  mean  atmospheric 
pressures  when  the  siphon  tube  has  a  uniform  bore,  we  must 
put  so  much  mercury  mto  the  tube,  that,  when  the  pressure  is 
29'5  inches,  there  shall  be  a  column  of  about  2*5  inches  of  mer- 
cury in  the  open  le^.  The  tempera tiirn  corrections  throughout 
aii  ordinary  fluctuations  of  atmospheric  pressure  for  the  lov:er 
surface  of  the  mercury  will  then  be  extremely  small,  as  will  be 
seen  by  the  following  Table : — 


AtmcMplufrie 

nretMire 

Column  of  nurcury 
ia  open  leg  of 
uphon 

(/■) 

Di«pUCiMBBl  9f 
apper  mtfiM*  foe  « 
duTerencc  of  tempe- 
rature A'  in  Cciui- 
pr.u:!:'  ilogrees. 

niqdMMMatof 

mercury  for  differ- 
ence of  tcnjp.  A< 

in  C'rnt.  ili'grees. 

81  inches. 

29-5 
28  „ 

1*713  indi. 

2-  403  „ 

3- 213  „ 

-f -00531  If 
4- '00518^/ 

It  may  be  well  to  observe  that  the  numbcia  lu  the  hint  column 
of  the  Tabic  show  that  if  the  barometer  to  which  Lhcy  refer 
were  heated^  as  in  tbe  experiments  already  described,  and  if  the 
atmospherie  pressure  were  much  greater  than  29*5  inches^  we 
should  have  the  result  obtained  bv  M.  Negretti — ft  depression 
of  the  mercury  in  the  short  leg  of  the  siphon;  while  if  the  pres- 
sure were  nearly  29*5,  there  would  be  no  sensible  change  of 
level,  as  observed  by  Mr.  Bryson. 

I  need  scarcely  remind  the  reader,  in  conclusion,  that  the  for- 
mnl»  I  have  investigated  are  intended  to  be  employed  when  only 
the  upper  or  onl//  the  lower  surface  of  the  mercury  is  observed. 
When  both  surfaces  are  observed,  in  the  liunten  barometer, 
we  have  simply  to  apply  the  ordmary  and  welUunderstood  COr* 
reetioD,  due  to  the  expansion  of  mercury  by  heat. 

United  College,  St.  Andrews, 
Febmaiyie,  1861. 
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XXXIII.  Note  m  Mr.  Jerrard's  Ruearcha  on  the  Equation  off 
the  Fifth  Order,        A.  Catlit,  Esq,* 

FUNCTIONS  of  the  same  set  of  quantities  which  are,  by 
any  substitution  whatever,  simultaneously  altered  or  si- 
multantuusly  unaltered,  may  be  called  homotypical.  Thus  all 
symmetric  functions  of  the  same  set  of  quantities  are  homo- 
typical;  {x-\-y—z—wY  and  xy-\-ziv  are  homotypical,  &c. 

It »  one  of  the  most  heautiful  of  Lagrange's  discoTeries  in 
the  theory  of  equations,  that,  given  the  Tsloe  of  any  function  of 
the  roots,  the  Talue  of  any  homotypical  function  mav  be  rationally 
determined t;  in  other  words^that  any  homotypical  inaction  what* 
e?er  is  a  rational  function  of  the  coefficients  of  the  equation  and 
of  the  given  function  <  f  tlic  roots. 

The  researches  of  Mr.  Jerrard  are  contained  in  his  work,  "An 
Essay  on  the  Resolution  of  Equations/'  London,  Taylor  and 
Francis,  1859.  The  solution  of  an  equation  of  the  tifth  order  is 
made  to  depend  on  an  equation  of  the  sixth  order  in  W ;  and  he 
conceives  that  he  has  shown  that  one  of  the  roots  of  this  equa- 
tion is  a  rational  function  of  another  root:  "The  equation  for 
W  will  therefore  beli  n^^  to  a  class  of  equations  of  the  sixth 
degree,  the  resolution  of  which  can,  ns  Abel  has  shown,  be 
effected  by  means  of  equations  of  tlic  second  and  third  degrees; 
whence  1  infer  the  possibility  of  solving  any  i  idposed  equation 
of  the  fifth  degree  by  a  hnitc  combination  of  radicals  and  rational 
functions/' 

Hie  above  property  of  rational  eipreasibilitv,  if  traa  for 
will  be  trae  for  any  function  homotypicalwidi  W ;  and  oonvcarsdy* 
I  proceed  to  inquire  into  the  fonn  of  the  function  W. 

The  function  W  is  derived  from  the  function    which  denotes 

any  one  of  the  quantities  p^,  p^,  p^.  And  if  SPig}  are 
the  roots  of  the  given  equation  of  the  fifth  orderj  and  if  «,  A  V>  ^»  < 

represent  in  an  undetermined  or  arbitrary  order  of  succession 
the  five  indices  1,  2,  3,  4,  5,  and  if  t  denote  an  imaginary  fifth 
root  of  unity  (I  conform  myself  to  Mr.  Jerrard's  notation),  then 
Pm  Psf  '^1' i  il  <  other  auxiliary  quantities /»ti»  are  obtained  from 
the  system  oi  equations — 

*  Communicated  by  tbe  Author. 

t  The  a  priori  demonstration  shows  the  cases  of  failure.  SuppoM  that 
tlie  roots  of  a  biciufldratie  equation  are  1,  3,  5,  9;  then,  ^vena-fft=8,  we 
know  that  either  a=3,  b=5,  or  else  fl=5,  A=ii,  and  in  either  cnse  06= 15 ; 
benoe  in  the  pretent  case  (u  liidi  represents  the  general  cai»c-),  a-f  i  being 
lcnomi,thehon)oty|ijeRlfuiictioii  ab  is  rationaUy  determined.  But  if  tbe  roots 
are  1,  3,  5,  7  (where  1+7=3-^6),  then,  given  a+te8>lbisis  ntiafied  by 

(J~b)  (j>~7^'  and  tbe  concliitiottis  aft=16or7;  so  that  bete 
M  is  dctcnDinedy  not  as  bcfoie^  latumsUy,  but  by  a  quadratic  equatioB. 
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On  the  EquaHm  of  the  Fifth  (Mkr.  %\\ 

*«  +i'ia?J  A + 

If  from  these  equations  wc  seek  for  the  values  of  Pifp»  p»  t,  u, 
we  have 

1  :     :pa  :;?3  :  -/  :  —u  =  U^  :  TT^  :  ITg  :  1X4  :      :  Hg, 
la      . .  denote  the  deteiminaats  formed  out  of  the 


where  11,,  II 
matrix 


a) 


1, 

I, 
1, 


1> 

h 


1, 


t. doiotmg  {he  columns  of  this  nwtrix  by  1,  %,  3,  4,  5,  6,  ve 
hm  n.:=2846^  n,a— 84661,  n,>46612,  fee.  In  p«r- 
tiealar,  die  fahie  of  II,  t« 

1, 
1, 
1, 
1. 
1. 


1 


And  developing^  and  putting  for  shortness  {oLfi^  »sejefi{x„—M0), 

&c.,  we  ha\  c 

+(^<<7}  +  M  +  {*/3}  +  {/98}  +  {aa})(+t+«»«-2«^-2»*). 

And  this  is  also  the  ioim  of  the  other  determinants,  the  only 
difference  being  as  to  tbe  meaning  of  the  symbol  \»^\,  which, 
however,  m  each  case  denotes  a  function  iiuchtbat|a)9^  =  — 
Writing  for  greater  shortness, 

and  in  like  manner 

lit  is  an  nnsymmetiio  linear  function  (without  eonatant  term)  ol 

P2 
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1*^7865 ,  i^ay€0h^  \  or,  wbat  is  all  that  is  material,  it  is  antiii- 

symiiictric  fuuctiou,  coiitamiug  only  odd  powers,  of  la^ySeJ, 

If  for  a  /9  7  ^  e 

we  sabstitate  any  one  of  the  five  anangements 

«  ^  7  a  tf, 

^  7  8  €  a, 

7  h  €  a  fiy 

8  €  «  /3  7, 

«  «  /S  7 

then  {«^ySe^  and  {tfftff^  will  in  each  ease  remain  nnaltered. 
Bat  if  we  aabstttute  any  one  of  the  five  amngenients 

a  €  8  7 
€  S  y  a, 

tben  in  each  case  ^u^y^e\  and  ^ayeffS^  will  be  changed  into 
—  3a/37Sej-  and  —  ■ja7e/:^8j^  respectively.  Hence Ilj  leniaiiis  un- 
altered by  any  one  of  the  first  five  substitutions  ;  and  it  is  « liaii^ed 
into  —  TI,  by  any  one  of  tlic  second  five  substitutions.  And  the 
like  being  the  case  as  regards  Tl^t  ^c.,  it  follows  that  the  quotient 

or  aay     rematna  unaltered  by  any  one  of  the  ten  anbatttn* 

tious.  Now  the  120  permutations  of  a,  ff,  7,  5,  €  can  be  ob- 
tained as  foUowSi  vis.  by  forming  the  12  different  pentagons 
which  can  be  formed  with  a,  7,  5,  e  (treated  as  five  points), 
and  reading  each  of  them  off  in  either  direction  from  any  angle. 
To  eadi  of  the  12  pentagons  there  corresponds  a  distinct  vaine 
of  P,  but  such  valne  is  not  altered  by  the  diffcK  i  t  modes  of 
reading  off  the  penti^n;  Pis  consequently  a  12-valued  function* 
But  there  is  a  more  simple  form  of  the  analytical  expression 
of  snch  a  12-valued  function ;  iu  fact,  if  [afiyBe]  be  any  func- 
tion which  is  not  altered  by  any  one  of  the  above  ten  substitu- 
tions— ^it^  for  instance,  [afi]  is  a  symmetrical  function  of  ««i  Xp, 
and 

[«^7Se]  =  [a^J  +  |>37]  +  M  +  M  +  Mi 

and  •*. 

[aye^h]  =  [ay]  +  [ye]  +  [6^3]  +  [fiB]  +  [S«l, 

then  any  un  ymmctriral  function  of  [eiffySe]  and  [ay €^3}  will 
be  a  12-valaed  function  homotypical  with  P. 
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Mr.  Jemurd's  fnnclioQ  W  is  the  sum  of  two  values  of  his 
function  P;  tbe  subatitution  by  which  the  second  is  derived  from 
the  first  can  only  be  that  which  interchanges  the  two  functions 
[a^he]  and  [a7e^S]  ;  and  hence  any  symmetrical  function  of 
[o^y^]  and  [07^/?^]  is  afunction  horn otypical  with  Mr.  Jerrard's 
W;  such  symmetric  function  is  in  fact  aG-valued  function  only. 
Indeed  it  is  easy  to  thnt  the  twelve  pcntairnns  correspond 
together  in  pairs,  either  pentagon  of  a  pniv  being  derived  from 
the  other  one  by  stellatiorif  and  the  six  values  of  the  function  in 
(question  corresponding  to  the  six  pairs  of  pentagons  respectively. 

Writing  with  Mr.  Cockle  and  Mr.  Uarley, 

then  (t  +  t^  is  a  symmetrical  lunctiou  of  all  the  roots,  and  it 
must  be  excluded ;  but)  (t— t')'  or  t  t'  are  each  of  them  6- valued 
lunctiona  of  the  form  in  ouestioD,  and  either  of  these  ftmetiona 
is  linearly  connected  with  tne  Besolvent  Product.  In  Lagrau  ge's 
general  tiieory  of  the  solution  of  equations^  if 

then  the  coefficients  of  the  equation  the  roots  whereof  are 
if^^fy  (y*^)^  U'^*)^>  particular  the  last  coefficient 

detcrniincd  by  im  equation  of  the  sixth  degree ; 
an(l  tliis  last  coefficient  is  a  perfect  fifth  power,  and  its  fifth  root, 
or  /*  fi^tPJi:^,  is  the  function  just  referred  to  as  the  iiesolvent 
Product. 

The  conclusion  from  the  foregoing  remarks  is  that  if  the  equa- 
Hon  for  W  has  the  above  property  of  the  ratumel  exprenibihty  of 
its  roots,  the  equation  of  the  sixth  order  resolting  from  Lagrange's 
general  theory  has  the  same  property. 

I  take  the  opportunity  of  adding  a  simple  remark  on  cubic  equa- 
tions. Tbe  prmciple  which  furnishes  what  in  a  foregoing  foot- 
note is  called  the  a  priori  demonstration  of  Lagrange's  theorem  is 

that  an  equation  need  never  cor.tnin  extraneous  roots  ;  a  quantity 
which  has  only  one  vdluc  will,  if  the  investigation  is  properly 
conducted,  be  determined  in  the  first  instance  by  a  linear  equa- 
tion; one  which  has  two  values  by  a  quadratic  equation,  and  so 
on;  there  is  always  enough^  and  not  more  than  enough^  to 
deteraune  what  is  required. 

Take  Cardan's  solution  of  the  cubic  equation  -j-  qx  —r=.0, 
we  have  x=a-\'b,  and  thence  Sab^—q,  a'  +  6^=rj  and  to 
obtain  the  solution  we  write 


Digitized  by  Go<igle 


314r         Prof*  Pavy  on  some  JtwiMr  applicatwm  of 

Bat  ihm  two  eqoatiim*  ate  not  enough  to  precisely  d«tmuiit«:y 
they  ked  to  the  9-valiied  function 

in  order  to  precisely  determine     it  is  (as  everybody  knows) 

necessary  to  use  the  original  equation  ofts  —  |.  Bnt  seek  for 
the  eolation  as  follows ;  vis.  write  x^ab(fi-Vh)^  which  gives 

or  what  is  the  same  things 

these  ecjuatioiis  give  xzsabia-^  b)j  where 

which  is  a  8-vaIaed  fonetkm  only^  ah  in  thia  oaae  being  not  given* 
Jsniiaiy  S8, 1861. 


XXXIV.  On  some  further  applicalioii^  uf  (/le  Ferrocyanide  of  Po^ 
tassium  in  Clwmical  Atmlysis.  By  Edmund  W.  Daw,  A^B., 
M,B,,  MMJ^,,  Professor  of  AgrieuUure  mid  .AgrieuUmi 
Cheamtry  to  the  Bayal  Dublin  Society*, 

I HAVE  recently  been  engaged  in  making  saaic  experiments 
on  the  ferrocyanide  of  potassium  or  yellow  prusaiatc  of 
potash;  with  a  view  to  extend  its  appUcations  in  chemical  ana* 
lysis ;  for  though  this  important  salt  has  already  been  applied  to 
a  nnmber  of  useful  puqKwes  in  analytical  research,  still  my  ex- 
periments have  shown  me  that  its  use  might  be  advantageously 
extended,  particularly  as  a  reagent  in  volumetrie  analysis,  a  form 
of  analysis  which  has  of  late  come  into  very  general  adoption, 
especially  for  technical  purposes,  on  account  of  the  great  quick* 
ness  and  at  the  same  time  accuracy  with  which  different  sub* 
stances  may  by  its  means  be  determined.  The  principles  upon 
which  volumetric  analysis  depend  arc  so  well  Icnown,  that  I 
need  not  refer  to  them ;  and  though  it  possesses  so  many  ad- 
vantages over  the  older  crravimntrical  method,  in  which  the  dif- 
ferent substances  are  dettrmined  by  weight  instead  of  by  volume, 
it  yet  has  this  drawback,  that  the  preparation  of  the  necessary 
standard  solutions  often  takes  considerable  time,  first,  in  order 

*  Part  of  u  ])a])c-r  read  before  the  Uoval  DubUn  boci<:ty,  December  17» 
1860  i  and  coiumuuicated  by  the  Author. 
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to  obteiii  the  mbstaiiee  to  be  vaed  for  this  purpose  in  a  svf* 
fieioitlv  pure  and  dry  itate,  and  aeeondly»  to  form  a  aolation 
of  it  the  eiact  ttren^  of  which  may  be  known :  for  though 
it  may  appear  a  very  smiple  operation  to  disMdve  a  known  wo^t 
of  a  certam  substance  in  a  given  bulk  of  water  or  other  aolventy 
yet^  when  this  has  to  be  done  with  aneh  great  predaion  as  ia 
neeessarv  in  these  cases,  it  is  a  tedious  and  troublesome  opera- 
tion,  and  any  inaccuracy  in  the  graduation  of  the  standard  8oIu« 
tion  will  render  all  determinations  made  with  it  more  or  less 
inac  curate.  It  is  obvious,  therefore,  that  it  would  be  most  de- 
sirable that  the  substances  which  are  intLiul* d  to  be  used  as  re- 
agents in  volumetric  analysis  should  be  easily  obtained  in  a  pure 
state,  and  that  where  considerable  time  and  trouble  have  bt  en 
expended  in  graduating  solutions  of  those  substances,  they  should 
not  be  Uuble  to  undergo  changes  whereby  their  stieugLh  would 
be  more  or  less  altered,  but  that  when  standard  solutions  have 
cmee  been  made»  they  might  be  kept  and  used  for  a  great  num- 
ber of  detemunations. 

Tb»  fenooyanide  of  potassiom  fulfils  both  those  conditional 
for  it  is  in  general  met  with  in  commerce  almost  chenucaUy 
fmn^  and  in  a  state  in  w  hich  it  can  at  once  be  employed  as  a 
volumetrie  reagent ;  and  if  at  any  time  it  should  happen  to  occur 
not  ^te  so  pure,  it  can  readily  be  purified  byreeiystallization; 
and  m  addition  to  these  important  considerations,  its  solution  is 
not  prone  to  change,  especiany  if  it  be  not  left  exposed  to  the 
action  of  the  light.  Ju  tins  latter  respect  it  has  a  decided 
advantage  over  several  ot  our  most  useful  volumetric  reagents, 
viz.  the  permanganate  of  potash,  the  protosalts  of  uon,  sul- 
phuioua  acid,  &c.,  which,  from  their  being  so  prone  to  undergo 
spontaneous  decomposition,  must  be  either  freshly  prepared, 
or  the  strength  of  their  solutions  accurately  ascertained  every 
time  they  are  used,  if  a  day  or  so  has  elapsed  between  each  de- 
termination. 

The  employment  of  the  ferrooyanide  of  potassium  as  a  voln^ 
metric  reagent  depends  on  the  following  circumstances :  viB*>  that 
it  ia  readify  converted  into  the  ferrid^anide  of  potassium  (red 
prussiate  of  potash)  under  different  circumstances,  and  that  the 
point  where  the  whole  of  the  former  salt  has  been  changed  into 
the  latter  may  easily  be  known,  either  by  the  use  of  a  diluted 
solution  of  a  persalt  of  iron  (which  gives  with  a  drop  of  the  mix- 
ture a  blue  or  green  coloration  as  long  as  any  of  the  fcrrocyanide 
remains  imclianjred)  or  by  some  otltcr  simple  indication.  Thus, 
for  example,  when  chlorine  is  brought  iii  l  ontudwith  the  ferro- 
cyanide  of  potassium,  this  change,  as  is  wi  ll  Iluowu,  takes  place, 
which  18  expressed  by  the  following  symbols  : — 

%  (K«,  Fe  Of)  +  Cl=  (K«  Fe«  Cf)  +  K  CI. 
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The  same  oocim^  as  far  as  the  conversion  of  the  ferrocyanide 
into  ferrideyanidej  when  an  acidified  solution  of  the  fornier  salt 

is  brought  in  contact  with  a  solution  of  the  pciTxianganate  of 
potash,  which  is  instantly  decolorized  by  the  reducing  action  of 
the  ferrocyanide  of  potassium,  which  is  thereby  converted  into 
the  ferrideyanidej  and  this  decoloration  of  the  permanganate 
continues  as  long  aa  any  of  the  ferrocyanide  remains  in  the  niix<* 

ture. 

Aejain,  if  a  solution  of  the  ferrocyanide  of  potassium,  acidihed 
strongly  with  either  hyfb'ochloric  or  sulphuric  ac  il,  be  brought 
in  contact  with  a  solution  of  the  bichromate  of  potash,  the  same 
change  of  the  ferrocyanide  into  the  fcTridcyanide  immediately 
takes  place. 

The  first  reaction  has  been  long  known,  and  la  the  means  em- 
ployed at  present  for  obtaining  the  ferridcyanide  or  red  prussiate 
of  potaah  for  mannfacturing  and  other  ])urposes;  the  second  re- 
action haa  been  more  receutlv  discovered;  but  I  am  not  awaie 
that  the  thirds  in  the  case  of  the  bichromate,  is  generally  known> 
or  that  the  changea  which  occur  in  the  reaetion  have  been  pre- 
viously  studied. 

From  experiments  which  I  made,  it  would  appear  that  when  a 
solution  of  ferrocyanide  of  potassium,  acidified  with  hydrochloric 
acid,  was  mixed  with  one  of  the  bichromate  of  potash,  the  follow- 
ing reaction  was  produced,  viz.  6(K*  FeCy^)  4-KO,  2  Cr  0^ 
+  7nCl=3(K3  Fe«  Cy«)  +  4  KCl  +  Cr«  +  7H0  j  for,  amon-st 
other  facts,  I  may  observe  that  when  I  mixed  together  solutions 
of  the  two  salts  in  the  proportions  corresponding  to  G  equiva- 
lents of  the  ferrocyanide  of  potassiiiin  to  1  of  the  biehrumate 
of  jjotash  (as  indicated  in  tlie  above  formula),  acidifying  the 
mixt\irc  with  hydrochloric  aeid,  I  found  that  the  whole  of  the 
ferrocyanide  was  converted  into  the  ferridcyanide,  and  that  any 
quantity  less  than  that  proportioh  of  the  bichromate  of  potash 
left  more  or  less  of  the  ferrocyanide  unchanged.  The  same 
results  followed  the  use  of  sulphuric  acid;  and  it  appears  that  a 
similar  reaetion  occurs  with  thia  acid  as  with  hydrochloric  acid, 
with  the  exception  that  in  this  case  the  4  equivalents  of  chloride 
of  potassium  and  the  1  equivalent  of  sesquichloride  of  chromium 
are  replaced  by  4  equivalents  of  sulphate  of  potash  and  1  of  the 
sesquisulphate  of  chromium. 

The  proportion  of  either  acid  used,  provided  there  is  enough 
to  strongly  acidify  the  mixture,  dors  not  appear  to  affect  the  rc- 
actioTi ;  for  I  obtained  precisely  the  same  results  where  a  very 
large  amount  of  acid  was  employed  as  where  the  quantity  neces- 
gary  only  to  strongly  aeidify  ihe  mixture  had  been  added. 

On  these  tlircc  reactions  which  I  h.iw  noticed,  may  be  based 
the  means  of  employing  the  ferrocyauidc  oi  pota«>bium  in  several 
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useful  dctermiiiations,  the  first,  and  one  of  the  most  important, 
of  which  is  the  ascertaining  the  amount  of  availabie  chlorine  in  the 
ehhride  of  Hme  or  bkaehin^  powder,  which  is  a  matter  of  much 
importance  in  many  of  .the  chemical  arts,  hat  particularly  in 
bleaching ;  for  not  only  does  the  commercial  valne  of  this  sub- 
'  stance  depend  on  the  quantity  of  available  chlorine  that  it  eon« 
tains,  which  is  subject  to  great  variation  irom  exposure  to  the 
air  and  other  causes^  but  likewise  it  is  of  the  greatest  importance 
that  the  bleacher  should  readily  be  able  to  determine  from  time 
to  time  the  strength  of  the  bleaching  liquor  which  he  employs : 
for  if  it  be  too  strong,  he  knows  that  the  fabric  which  he  bleaches 
will  be  injnrf'd ;  and  if  too  wenk,itwill  not  he  sulHciLiitlv  bleached, 
and  the  proccsf»  inu^t  be  repeated,  which  incurs  much  additional 
expenditure  of  time. 

Vanous  methods  have  from  time  to  time  been  proposed  for  the 
determination  of  the  value  of  chloride  of  lime ;  but  the  greater 
uuuiber  ut  them,  from  the  trouble  requited  to  make  the  test-so- 
lutions, and  their  not  keeping  when  made,  as  well  as  the  skill  re- 
quured  in  their  nae^  render  them  inapplicable  for  general  purposes. 

I  shall  therefore  merely  refer  to  the  two  methods  whicai  are 
diiefly  used  at  present  to  determine  the  value  of  this  important 
substance.  The  £rst  is  Gay-Lussae's,  in  which  the  amount  of 
ehlorine  is  ascertained  by  seeing  how  much  chloride  of  lime  is 
necessary  to  convert  a  given  quantity  of  arsenious  into  arsenic 
acid  j  the  second  is  Otto%  in  which  protosulphate  of  iron  is  sub* 
stituted  for  arsenious  acid,  and  the  determination  of  chlorine  is 
made  by  seeing  how  much  of  the  bleaching  powder  is  required 
to  change  a  given  weight  of  the  protosulphate  of  iron  into  a  per- 
salt  of  that  metal :  these  processes  are  so  well  known  that  I  need 
not  describe  them. 

In  both  these  methods  I  find  that  more  or  less  chlorine  is 
always  lost,  which,  however,  may  be  reduced  t  n  a  minute  quantity 
by  very  carefully  adding  the  solution  of  cliloride  of  lime  either 
to  that  of  arsenious  acid,  or  of  protosalt  of  iron ;  but  in  ordinary 
hands  they  (especially  the  latter  process)  will  yield  results  in 
which  too  small  a  proportion  of  chlorine  will  be  indicated,  from 
the  loss  of  that  aubstance  which  will  invariably  take  place. 

The  ierrocyanide  of  potassium  answers  admirably  for  the 
estimation  of  available  chlorine  in  the  chloride  of  lime,  when  used 
in  the  manner  I  shall  presently  explain,  and  according  to  my 
experiments  will  give  in  ordinary  bands  far  more  accurate  results 
than  either  Gay-Lussac's  or  Otto's  method,  X  am  aware,  in- 
deed, that  this  salt  was  proposed  by  Mr.  Mercer  some  years  ago 
for  this  ])!irpose ;  but  the  way  which  he  recommended  it  to  be 
•  used  (which  consisted  in  dissolving  a  certain  weight  ol  t  l  ic  ferro- 
<^auide  in  water,  acidifying  it,  and  then  adding  the  solution  of 
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l)leacluDg  powder  from  a  burette  till  all  thefiBrrocyamde  waa  eon* 
verted  into  ferrideyanide)  is,  I  find,  not  a  good  maniwr  of  onploy* 
ing  the  ferrocyanide  in  thia  eatimation,  and,  like  the  other 
methodt,  will  lead  to  a  ioaa  of  chbrine ;  fi^  what  the  aolntioii  of 

chloride  of  liroeia  added  to  the  acidified  ferrocyanide,  a  portion 
of  the  chlorine  is  separated^  eapeeially  if  the  bleaching  liquor  be 


pose  of  using  the  ferrocyanide  6i  putaaiium  in  this  important 
valuation,  is  to  mix  together  a  certain  quantity  of  a  standard  solu- 
tion  of  ferrocyanide  with  a  given  flmoniit  of  a  graduated  solution 
of  tlie  chloride  of  lime,  using  more  of  the  former  salt  than  the 
latter  can  couvurt  into  lemdcyanide ;  then  adding  hydrochloric 
acid  to  dissolve  the  precipitate  formed  and  render  tlie  mixture 
strongly  acid,  and  finally  ascertain,  by  means  of  a  sduidurd  solu- 
tion of  bichromate  of  potash,  how  much  of  the  fenucyanide  re- 
mauied  unconverted  uiLo  the  lerridcyauidc  by  the  action  oi  Oic 
chlorine  of  the  chloride  of  lime^ — ^wbich  is  effected  by  adding 
dowly  from  a  graduated  burette  the  atandard  aoiution  of  faiehio- 
mate  till  a  minute  drop  taken  from  the  well-atirred  mtKtnre  bjr 
maana  of  a  glaaa  rod^  oeaaea  to  give,  with  a  small  drop  of  a  very 
dilate  scdution  of  pmhloride  of  iron  placed  on  a  white  piate^  % 
blue  or  greenish  colour,  bat  procliu  >  s  instead  a  yellowish  brown** 
When  this  latter  effieot  ia  observed,  it  indicates  that  all  the  ferro- 
eyanide  has  been  converted  into  ferridcyanide;  and  aa  147*69 
(one  equivalent)  of  bichromate  of  potash  is  capable  of  converting 
1267*32  (six  equivalents)  of  crystallized  ferrocyanide  of  potassium 
into  ferridcyanide,  and  as  422*  W  (two  equivalents)  of  the  ferro- 
cyanide are  converted  into  the  same  subst;iiice  by  35  5  (one 
equivalent)  of  chlorine,  a.-s  is  seen  by  the  formulae  already  given, 
knowing  the  aaiount  of  chloride  of  lime  employed,  we  have  all 
the  data  necessary  to  calcuhite  the  per-centage  of  chlorine. 

Having  made  two  standard  sohUiuns,  the  iirst  containing 
21*122  grammes  of  ferrocyanide  of  potassium  in  a  litre  of  the 
Boltttion,  and  the  aeoond  14*759  ^rammea  of  bt^diromate  of  pot- 
aah  in  the  aame  quantity  of  solution  (weights  which  are  to  caoh 
other  aa  their  atomie  equivalents),  I  made  aeveral  eatimationa  of 
chloride  of  lime  with  them,  adopting  the  method  I  have  joat 
described^  and  found  that  it  gave  the  most  consistent  results,  and 
which  agreed  very  closely  with  those  obtained  by  Gay-Luttac'a 
andOtto'a  methods  when  the  latter  were  performed  with  the  great- 
est care, — ^the  only  difference  being  that  the  results  obtained  bj 

*  The  ycllowiih-brown  coloration  which  is  at  first  prodnced  when 
enough  of  the  bichromate  has  been  added,  quickly  changes  to  a  greenish 
colour  hy  some  secondary-  reactions  which  take  place  wheu  the  pmalt  of 
inm  b  left  in  contact  with  the  ndxture.  But  toii  does  not  mteneie  wiUi 
the  test;  for  it  is  the  first  effect  which  is  produced  which  in^cstei  tiieoom* 
fletaon  of  the  iwctioB,  1114001  the  after  changes  which  msy  lesalfei 


But  the  way  I  pro- 
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my  nMdiod  Indicafted  s  few  faundradilii  of  tpart  more  el  ehkrtoe 
tiuui  either  of  tiioee  nethodi  did»  wliicfa  nay  be  aoeoimted  for 

by  the  unavoidable  lois  of  a  inmute  quantity  of  ehlorine  wbidi 
takee  plaoe  in  those  proccssea. 

In  order  to  simplify  the  prooeaa,  and  render  the  calculation 
aa  abort  as  possible,  I  would  reeommend  for  comnmsial  valua- 
tions the  following  way  of  carrying  out  this  principle:^ 
Having  obtained  a  flat-bottom  flask  or  bottlf  which  will  con- 
tain 10,000  prrains  of  distilled  water  when  iiiicd  up  to  a  certain 
mark  in  the  neck,  make  two  standard  solutions,  the  first  by 
placing  111  the  flask  or  bottle  1190  (or  exactly  1189-97*)  grains 
of  the  purest  crystallized  ferro(  yanidc  of  potassium  (yellow 
pnissiate  of  potash)  reduced  to  ])owtlcr,  iiddinor  distilled  water 
to  dissolve  the  salt,  and  wheii  this  is  effected,  tiihug  up  with 
water  to  the  mark ;  and  having  mixed  the  solution  thoroughly, 
|ibee  it  in  a  weU-atoppered  botue.  The  aeeond  standard  Kdntion 
la  made  in  the  aame  manner,  substttuting  for  the  ferroeyanide 
188*6  (or  exactly  188*58)  graina  of  bichromate  of  potadi  which 
haa  been  punfied  by  recryatallization  and  foied  in  a  oraeible  at 
aa  low  a  heat  as  poaaible.  Both  these  solutiona  will  keep  nn* 
changed,  and  will  answer  for  a  number  of  determinationa  if  they 
an  preserved  in  well-atoppered  bottlea,  and  the  ferroeyanide 
solution  be  kept,  when  not  in  use,  excluded  from  the  light* 
Get  a  burette  or  alkalimcter  capable  of  holding  or  delivering 
1000  grains  of  distilk-d  water,  and  divided  into  100  equal 
divisions;  also  two  small  bottles,  one  capable  of  delivennp'  1000 
grains,  and  the  other  500  grains  of  distilled  water  when  tilled 
up  to  a  certain  mark  on  the  neck  of  eachf,  which  may  both  be 
readily  made  by  idling  them  with  water,  €iii])i ymij:  them,  luid 
after  they  have  drained  for  a  minute  or  two,  weighing  into  each 
the  above  weights  of  distilled  water ;  or,  what  will  be  sufficiently 
aeeorate  ISnr  moat  purpoaes,  poor  from  the  bnreCte  into  one  100 
cUviaiona  of  diatilled  water,  and  into  the  other  50»  and  mark 
with  a  file  where  the  fiuid  atanda  in  the  neck  of  each  bottle. 
Having  theae  all  ready,  take  an  average  apeoimen  of  chloride  of 
lime,  and  weigh  out  100  grains  of  it,  and  make  in  the  oaiud 
way  a  eolation  of  it  by  trituration  in  a  mortar  with  lome 

•  The  above  numbers  are  obtaiucd  us  follows: — 35  o  parts  of  chloriue 
are  capable,  as  befloHre  stated,  of  converting  422'44  parts  of  the  m'staUised 
iBfrocjranide  of  potassium  into  ferridcyanide ;  therefore  100  parts  of  the 
former  will  convert  11H9"97  parts  of  the  latter  into  the  same  rompoimd. 
Again,  as  before  observed,  1267*32  parts  of  the  crystallized  icrrocyuuide 
require  147'59  puta  of  the  bichiomate  of  potash  to  convert  them  into  the 
ferridcyanide;  1 189*97  parts,  therefore,  will  take  138*58  parts  of  that  salt 
to  promtfp  tlio  same  clTect. 

T  Two  small  pipettes  capable  of  deUfttiag  the  abo?e  quantities  would 
be  found  still  more  convenieut. 
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water ;  poaY  it  into  the  flask*  wkicli  was  used  in  preparing  the 
two  standard  solutions,  and  having  filled  np  with  water  to  the 
mark  in  the  neek,  mix  the  solution  thoroughly ;  and  before  each 
time  that  any  of  the  chloride  of  lime  is  taken  out,  diake  well 
the  contents  of  the  fiask. 

Measure  out  into  a  beaker-alns^,  by  means  of  the  two  little 
bottles,  100  divisions  of  the  chloride  of  lime  solution^  and  50  of 
the  standard  solution  of  ferrocyanide ;  and  having;  mixed  them 
well  together,  add  some  hydroehloric  acid  to  dissolve  the  preci- 
pitate formed  and  acidify  the  mixture  strongly;  and  having 
nuxt  d  the  whole  well,  pour  from  the  burette  slowly  the  standard 
solution  of  bichromate  (stirring  well  all  the  while)  till  a  drop 
taken  from  the  mixture  and  brought  in  contact  with  a  drop  of  a 
very  weak  solution  of  perchloridc  of  iron  produces  a  yellowish- 
brown  colour,  as  already  noticed.  Then  read  off  the  number  of 
dmsicms  of  the  standard  solution  of  bichromate  which  waa 
necessary  to  produce  this  effect ;  and  this  being  deducted  fiom 
60^  gives  the  per-oentagc  by  weight  of  chlorine. 

For  the  standard  solution  of  ferrocyanide  having  been  made 
so  that  the  10000-grain  measures  should  be  equi^ent  to  100 
grains  of  chlorine,  and  as  every  division  of  the  burette  equals  10 
grains,  each  of  these  divisions  of  the  ferrocyanide  solution  con- 
verted into  ferridcyanide  will  indicate  0*1  grain  of  chlorine* 
Again,  the  100  divisions  of  the  solution  of  chloride  of  lime 
represent  iO  grains  of  that  substance,  and  we  want  to  know 
how  many  divisions  of  the  ferrocyanide  solution  its  chlorine  has 
converted  into  ferridcyanide.  This  is  readily  ascertained  by 
the  bicliromate  solution,  which  has  been  so  graduated  that 
each  division  represents  a  division  of  the  ferrocyanide  solution. 
So  that  to  determine  the  per-centagc  of  chlorine  we  have  only 
to  deduct,  as  before  stuitd,  the  number  of  divisions  of  the 
bichromate  solution  employed  from  the  50  of  the  ferrocyanide 
aolution,  and  the  difference  gives  us  the  per-eentage  of  chlorine 
by  weigiit  in  the  sample ;  thus  in  four  experiments  50  divisions 
of  the  ferrocvanide  solution^  mixed  with  100  divisions  of  the 
solution  of  chloride  of  lime,  required  18-5  divisions  of  the  bi- 
chromate solution  to  convert  the  whole  of  the  ferrocyanide  em- 
ployed into  ferridcyanide ;  this  number,  taken  from  50,  leaves 
31*5  divisions  of  ferrocyanide,  which  were  converted  into  ferrid- 
eyanide  by  the  chlorine  of  the  chloride  of  lime ;  and  as  each 
division  represents  0*1  grain  of  chlorine,  31*5  will  be  equivalent 
to  3*15  grains  of  chlorine,  which  is  the  amount  contnined  in  10 
grains  of  the  sample  ;  consequently  100  grains  will  contain 
31*5  grains  of  chlorine,  which  is  the  same  amount  as  is  obtained 
by  simply  deducting  the  number  of  divi>tyus  oi  bichromate  solu- 
tion employed  from  50  of  fen  ocyanidc  ixaad  in  the  estimatiou. 
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Though  this  process  appears  a  long  one,  from  the  details  which 
are  necessary  to  explain  its  principle,  yet  in  practice  it  is  vci  y  ex- 
peditious, and  requires  only  a  \tfy  lew  minutes  for  its  performance, 
and  is  much  quicker  than  either  Gay-Loasac's  or  Otto's  methocL 

Though  I  have  aa      diiefly  confined  my  attention  to  the 
use  of  the  ferrocjpmde  of  potaaalnm  in  the  eatimation  of 
ehlorine  in  bleachmg  powder^  I  have  no  donbt  that  it  may 
he  advantageonsly  employed  in  many  other  naeful  determinationa 
by  carr)'ing  out  the  princij^lea  aueady  explained:  thua,  for 
example,  it  may  be  used  aa  a  means  of  determining  the  amoant 
of  bichromate  of  potaah  present  in  a  sample  of  that  lalt,  or 
the  quantity  of  chromic  acid  that  exists  under  different  circum- 
stances.    Again,  the  same  salt  may  be  used  in  different  deter- 
minations where  a  cortain  amount  of  chlorine  is  liberated,  which 
rcpiTsiTits  n  ]K-opoi'tional  qnaTitity  of  some  other  substance:  thus, 
for  example,  iu  t!ic  estimaUun  of  manganese  ores  for  commercial 
purposes,  where  they  are  heated  wifh  hydrochloric  acid,  the 
quantity  of  chlorine  disengaged  will  iudicate  a  certain  ainouiit 
of  peroxide  of  manganese  in  the  ore,  on  the  presence  of  which 
its  commercial  value  almost  entirely  depends  ;  and  the  chlorine 
erolved  may  be  estimated  by  absorbing  the  gas  in  a  dilate 
aolntton  of  eanstie  potash,  and  then  determining  the  amonnt-of. 
chlorine  in  it  by  precisely  the  same  piooesa  as  that  I  have  le- 
commended  in  the  valoation  of  chloride  of  lime.  To  teat  the 
accuracy  of  this  method,  1  heated  in  a  small  flask  a  given 
quantity  of  pure  bichromate  of  potaah  with  an  excess  of  ationg 
hydrochloric  acid,  and  collected  the  evolved  chlorine  by  means 
of  a  dilute  solution  of  caustic  potash^  employing  the  bulbed 
retort  and  curved  dropping  tube  as  recommended  by  Bunsen  in 
the  "Analysis  of  theCbromatrs"  (see  the  la<;t  nditionof  Freseniu*?'*! 
'QuantitativeAnalysis/jKLirr  231),  and  asecrtaiued  aftcmvards,  by 
the  use  of  the  ferrocyanidr  of  potassium,  the  amount  ot  chioiiue 
evolved,  which  corresponded  almost  exactly  with  the  calculated 
amount  of  that  substance  wbieh  should  have  been  obtained  by 
the  action  of  the  quantity  of  bichromate  used  on  the  hydrochloric 
acid.    Again,  a  standard  solution  of  feriocyanide  of  potassium 
may  be  used,  as  E.  de  Haen  haa  shown,  to  determine  the  strength 
of  the  permanganate  of  potaah  in  the  analyses  of  the  ferrocyanide 
and  ferridcyanide  of  potasainm,  aa  an  acidified  solution  of  the 
ferrocyanide,  as  before  stated,  rapidly  decolorises  a  solution  of 
permanganate  of  potash,  whereas  the  ferridcyanide  has  no 
action  on  that  salt ;  and  this  reaction  might  be  taken  advantage 
of,  in  the  valuation  of  chloride  of  lime,  to  determine  the  ezceas 
of  ferrocyanide  used  in  my  process  :  but  from  my  experiments 
I  found  that  more  precise  and  accurate  results  were  obtained  by 
the  use  of  the  bichromate  of  potash. 
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The  reaction  of  the  bichroraate  of  potash  on  the  feirocjranide 
nrigbt  be  employed  in  the  Yaluation  of  the  ferrocyamde  of 
poteenttm  and  other  too€yviide»--liairi]]ff  pmionsly^  in  tiie  one 
of  tlKMe  whick  were  meolable>  oonvertea  them  into  the  ferr^ 
cyanide  of  potaHttiin  by  boiling  them  with  eaostie  ptrtaih^  and 
■eparating  the  insoluble  oxides  by  filtration. 

It  might  alio  be  employed  for  the  valuation  of  the  eommercial 
red  pmniate  of  potash,  whieh  ie  now  to  some  extent  employed 
at  a  bleaching  agent  in  calico-printing,  and  which  consieta  of 
vatyiDg  quantities  of  ferro-  and  ferrid-cyanide  of  potassium 
tocher  with  chlorirle  of  potassium.  By  ascertaining  first  how 
much  a  privrn  quantity  of  the  sample  requires  of  a  standard  solu- 
tion of  biciiiOiiiate  of  potash  to  convert  tlie  ferrocyanide  present 
into  ferridcyanide,  the  pcr-centagc  of  that  substance  would  be 
known  ;  and  then  by  taking  another  portion  of  the  sample  and 
converting  the  ferridcyanide  it  contained,  by  i-educing  agents, 
such  as  the  sulphites  of  soda  and  potash, &c., into  the  ferrocyanide, 
and  finallj  determining  the  amount  of  bichromate  necessary  to 
bring  the  whole  of  the  fenooyanide  then  |»eeeiit  into  the  state 
of  ferridcyanide,  the  difference  in  the  two  reaolta  wonld  indicate 
the  prcjxnrtion  of  ferridinranide  originally  present  in  the  iamirft. 
,  The  iMt  application  of  ferrocyanide  of  potaaainm  whieh  I  ■had 
notice  in  the  present  communication,  is  its  employment  as  a 
reducing  agent  It  has  long  been  known  that  the  cyanide  of 
potassinm  possesses  most  powerful  reducing  properties,  and  has 
Seen  very  usefully  employed  for  that  purpose  in  the  reduction  of 
different  mrtallie  salts  under  various  circumstances;  but  I  am 
not  awaio  that  the  forrocyanide  of  potassium  has  been  proposed 
or  used  for  similar  purposes:  at  least,  I  have  referred  to  a  great 
number  of  aual3rtical  and  general  chemical  works,  and  in  none 
of  them  is  this  salt  reeom mended  as  a  reducing  agent,  thousrh 
the  cyanide  is  bo  hiulIi  extolled  for  that  purpoise.  Accord in:^ 
to  my  experiments,  the  fcnocyarnde  is  a  far  more  convenient 
reducing  agent  than  the  cyanide,  and  may  be  substituted  for  it 
in  many  eases  of  rednetion  with  the  best  results,  as  it  possesses 
many  unquestionable  advantages  over  that  salt  for  this  purpose. 
Thus  the  ferrocyanide  does  not  deliquesce  and  decompose  whoi 
exposed  to  the  air,  whereas  theeyaoide  rapidly  absotfos  moisture, 
and,  unless  kept  in  very  well-stoppered  bottles,  becomes  quite  wet, 
and  in  this  state  quickly  decompoaesj  and  Uiis  deliqnescenceon  the 
part  of  the  cyanide  is  often  a  source  of  much  inconvenience  in  its 
use  as  a  reducing  agent,  owing  to  the  almost  unavoidable  absorp- 
tion of  more  or  less  moisture  which  takes  place  in  mixing  it  with 
the  substance  to  be  rcdurfd,  and  during  the  introduction  of  the 
mixture  into  the  reducing  tube.  The  ferrocyanide,  011  the  other 
hand,  in  a  thoroughly  dried  and  finely  powdemi  state,  can  be 
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intiiiiaftGij  mixed  witli  tlie  mibituioe  withoat  any  appmiabte 
absorption  of  moisture.  I  made  tlie  following  oomparatilre  toL* 
pariment  to  aseertain  the  relative  abaofptave  propertiei  £or  moit* 
ture  of  the  two  sidta  under  the  same  drenmataQiwa.  Ua¥ing 
thoroughly  dried  iu  a  water  oven^  till  it  ceased  to  tuy  in  wei|(hty 
some  finely  powdered  ferrocyanide,  I  placed  50  grains  of  it  m  a 
counterpoised  watch-glass,  and  powdering  in  a  warm  mortar 
some  fresh  cyanide  of  potassium,  I  placed  the  same  quantity  of 
it  in  a  similar  counterpoised  watch-glass,  and  left  tin  in  both 
exposed  to  the  air.  On  examining;  them  after  four  hoiu  s"  expo- 
sure, I  found  that  the  former  had  uuly  gained  y^ryth  parts  of  a 
grain  of  moisture,  whereas  the  latter  had  taken  up  3  (>  grams, 
or  sixty  times  as  much  moisture  under  the  same  cucumstauces. 
After  two  days'  exposure  I  found  that  nearly  aU  the  cyanide  had 
paiied  into  mt  mai  oonditioiij  having  taken  np  46  graiiia  of 
water;  whereaa  the  lonocyaiiide  appwed  p«rractly  dry,  and 
had  only  absorbed  1*4  grain* 

The  great  fusibility  of  the  cyanide  is  sometimea  rather  a  dia^ 
advant^,  which  haa  to  be  lessened  by  mixing  it  with  a  certain 
proportion  of  dried  carbonate  of  soda;  but  the  ferroeyamde  not 
fusing  at  so  low  a  temperature,  does  not  require  in  most  casaa 
this  admixture  to  lessen  its  fusibility.  Again,  the  ferrocyanide  is 
not  a  poisonous  salt,  whereas  the  cyanide  is  highly  so,  and  must 
be  used  with  great  caution;  nnd  lastly,  the  former  palt  h  little 
more  than  half  the  price  of  the  latter.  Combined  witbthe  above 
advantap;ps,  I  Hnd  that  the  ferrocvanule  is  equally  effective  in  re- 
ducing metallic  oxides  and  sulj)hur(?ts,  and  is  especially  con* 
venient  for  the  reduction  of  diiierent  combinations  of  arsenic  and 
mercury,  which  are  reduced  by  it  with  the  greatest  ease. 

I  made  several  comparative  experiments  with  the  dried  ferro- 
cyanide and  with  the  cyanide  as  reducing  agents  for  the  sulphuret 
of  arsenic  and  arsenious  acid|  employing  the  same  quantity  of 
arsenical  compound  with  each  salt  under  similar  cureumatancesi 
and  in  almoat  every  cas^  paftieularly  where  the  qnantiliea 
operated  on  were  minute,  I  obtained  more  satisfactory  lesnlta 
with  the  dried  ferrocyanide  than  with  the  cyanide. 

The  following  were  amongst  my  eKperimenta:^ — mixed  the 
i^th  of  a  grain  of  sulphuret  of  arsenic  with  3  grains  of  the  dried 
ferrocyanide,  and  made  a  similar  experiment,  substituting  the 
same  quantity  of  cyanide ;  and  on  hentinc:  the  mixtures  in  similar 
glass  tubes,  (ibtnined  almost  identically  and  characteristic 
ringd  of  metallic  arsenic. 

I  then  intimately  mixed  the  same  quantity  of  sulphuret  of 
arsenic  with  49"9  iri  cinis  of  very  Hiu  ly  powdered  glass,  and  taking 
5  grains  of  thib  mixtuic,  cuntaiuing  the  y^th  part  of  a  ^raiii 
of  the  sulphuret,  mixed  it  with  5  grains  of  the  dried  ferroeyamde, 
and  made  a  comparative  e^qperiment  with  another  5  grains  of  the 
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mizliire,  salMtitatiiig  the  aame  qiuntity  of  cyinide;  on  lieatiii|» 
both  these  mixtures  ia  small  reduction  tabee^  I  got  the  chuae*- 
tenstio  metallie  rings  in  both^  bat  better  defined  in  the  case  of 

the  ferrocyanide. 

I  finally  took  2*5  grains  of  the  mixture  of  sulphuret  and  glass^ 
eontaining  about  -n^^nFth  parts  of  a  grain  of  sulphuret  of  arsenic, 
and  treated  them  in  the  same  manner,  using  in  one  case  2*5  grains 
of  fcrrocvaiiidc,  and  in  the  other  2*5  irraiiis  of  cyanide,  and 
obtained  m  each  case  a  imnutc  metallic  ring,  which,  however, 
was  much  more  distinct  and  satisfactory  where  the  ferrocyanide 
had  been  used  as  the  reducing  agent. 

The  same  comparative  experiments  were  made  with  ars(  nious 
acid,  when  results  similar  to  tiiose  in  the  case  of  the  sulphuret  of 
arsenic  were  obtained. 

The  fenomnidc^  ther^ore,  is  a  most  delicate  reducing  agent 
in  the  case  of  arsenical  eompoundsy  and  where  very  minote  quan- 
tities have  to  be  detected^  appears  from  my  experiments  to  give 
more  sstisfaetory  resnlts  than  the  cyanide. 

Whether  the  addition  of  dried  carbonate  of  soda  would  improve 
the  ferrocyanide  for  some  eases  of  reduction,  I  am  not  at  present 
able  to  say ;  but  in  one  experiment  which  I  made  with  the  sul- 
phuret of  arsenic,  I  obtained  as  good  results,  using  the  fer- 
rocyanide  alone,  as  where  it  was  mixed  previously  with  its  own 
weight  of  dried  carbonate  of  soda.  In  many  cases  the  ferro- 
cyanide may  be  used  as  a  reducing"  ap^ent  in  a  state  of  powder 
without  separating  its  water  of  cry8taUiz:it  ion  ;  but,  in  most  cases, 
it  will  be  rendered  a  far  better  reducing  agent  by  being  previously 
dried  at  212°  in  a  water-bath  or  oven ;  and  in  this  dried  condition 
it  may  be  kept  for  any  length  of  time  in  a  good-stoppered  or 
well-corkcd  bottle. 

Though  as  yet  my  experiments  have  been  chiefly  confined  to 
the  reduction  of  different  compounds  d  arsenic  and  mercurv,  I 
entertain  no  doubt  that  the  ferrocyanide  of  potassium  will  be 
found  an  equally  effective  reducing  agent  in  the  case  of  the 
onnbinations  of  other  metals,  and  that  it  may  with  great  advan- 
tage be  Bubstitttted  for  the  cyanide  of  potassium  in  many  cases 
where  the  latter  salt  is  used  as  a  reducing  agent* 
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April  20,  I860.— ^ir  Benjamm  C.  firodie,  Bart*,  Pres.,  in  the  Chair* 

THE  following  communication  was  read : — 
"  On  the  EfTeot  of  t1if  Presence  of  Metals  and  Metalloids  upon 
the  Electric  Conductivity  of  Pure  Copper."  By  A.  Matthiessen,  JSs^., 
and  M.  Hol/inann,  Esq. 

After  study iug  the  effect  of  suboxide  of  copper,  phosphorus. 
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arsenic,  sulphur,  carbon,  tin,  zinc,  iron,  lead,  silver,  gold,  &c.,  on 
the  conducting  power  of  pure  copper,  we  hive  come  to  &e  conclusioa 
ikat  there  is  no  alloy  of  copper  wMeh  eonduete  eleeirmiy  better  than 
the  pure  metiU, 

May  3. — Sir  Benjamin  C.  Brodic,  Burt.,  President,  iu  Ihe  Chair. 

The  following  commiinications  were  read  : — 

*'0n  the  relations  betweeu  the  Elastic  Force  of  Aaueous  Vapour, 
tt  ordinaiT  temperatures,  and  its  Motive  Force  in  proaucingCurNnta 
of  Air  in  Vcrticai  Tubes/'   By  W.  D.  Chowne,  if  .D.,  FJLCP. 

In  1853  the  author  of  this  communication  made  a  oonsidmblo 
number  of  experiments  which  demonstrated  that  when  a  tube,  open 
at  both  ends,  was  placed  vertically  in  the  niKlisturbed  atmosphere  of 
a  closed  room,  there  was  an  upward  movement  of  the  air  within  the 
tube  of  sutiicient  force  to  keep  an  anemometer  of  light  weight  in  a 
State  of  constant  rerolution,  tliough  with  a  variable  Telocitr.  An 
abstract  of  the  results  of  these  experiments  was  printed  in  the  Phi- 
losophical Magazine,  toI.  xi.  p.  227. 

In  order  to  further  investigate  the  immediate  cause  or  nature  of 
the  force  which  set  tbe  machine  in  motion^  the  author  instituted* 
aeries  of  fresh  experiments. 

These  expenmeuts  were  made  in  the  room  described  in  the  former 
communication,  guarded  in  the  same  manner  against  disturbing 
causes,  and  with  such  extra  precautions  as  will  he  hereafter  explatne£ 
The  apparatus  used  was  a  tube  96  inches  long  and  6'75  inehes 
uniform  diameter,  the  material  zinc.  The  Upper  extremitr  was  opat 
to  it?  full  extent ;  at  the  lower,  the  aperture  wrb  r  lateral  one 
onlj,  into  which  a  piece  of  zinc  tube  3  inches  in  diameter,  and  bent 
once  at  right  angles,  was  accurately  fitted  with  the  outer  orifice 
upward.  Withiu  this  orifice,  which  was  about  5  inches  above  the 
level  of  the  floor,  an  anemometer,  described  in  the  former  paper,  and 
weighing  7  grains,  was  placed  in  the  horiaontal  position.  About 
mi£ray  between  the  upper  and  the  lower  extremity  of  the  tube,  a 
very  ilrln  ate  differential  thermometer  was  firmly  and  permanently 
fixed,  with  one  bulb  outside  and  the  other  inside,  and  the  aperture 
throui:[i  ^\}\^ch  the  latter  was  inserted  couipleteiy  closed.  The  scale 
was  on  the  stem  of  the  outer  bulb. 

The  results  of  a  long  series  of  observations  were  recorded.  The 
state  of  the  dry  and  the  wet  bulb  of  the  hygrometer,  as  well  as  the 
indications  of  the  differential  thermometer,  was  noted,  in  connexioa 
with  the  number  of  revolutions  performed  per  minute  by  the  ane- 
mometer. While  the  differential  thermometer  indicated  the  same 
relative  differences  between  the  heat  of  the  atmosjihere  witliin  and 
without  the  tube,  the  velocity  of  the  revolutions  was  found  to  vary 
considerably.  This  variation  was  discovered  to  be  chiefly,  if  not 
wholly,  dependent  on  the  elaeiieity  of  vapour,  due  to  the  hygro- 
metrical  state  of  the  atmosphere,  as  estimated  from  the  dry-  and  the 
wet-bulb  thermometers,  and  calculated  from  tlie  tables  of  Regnault. 

240  observations  were  recorded  and  afterwards  separated  into 
groups,  each  grroup  com})rising  those  in  which  the  cUtierentiai  ther- 
mometer gave  the  same  indication. 
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If  in  either  of  these  groups  we  separate  into  two  dassei  the  casM 

in  which  the  elasticity  was  nigliest,  from  the  cases  in  which  it  was 
lowest,  and  multiply  the  mean  ot  each  with  tlu-  corresponding  mean 
of  the  numher  of  the  revolutions  of  the  aiiemouicter,  their  product 
is  nearly  a  constant,  ihua  showing  that  the  Telocity  of  ascent  of  the 
■tmonineiie  Ytipoiir  ii  iiiT«raelj  ai  iti  elMtid^ ;  and  hanee  it  foUowa 
that  toe  Telocity  of  the  aaeeDauig  current  in  the  tube  Taiiea  inTenelj 
as  the  density  or  elastic  force  of  the  Tapour  suspended  in  the  atmo- 
sphere. This  mki  rendered  evid^t  by  the  aid  of  Tabkt  appended 
to  the  paper. 

When  the  mcnn  elastic  force  of  vapour  calculated  from  the  dir 
and  the  wet  buibii  is  multiplied  by  the  constant,  13*83,  the  remt 
pvea  ^e  whole  amount  of  water  in  a  vertuMd  oohmn  of  the  atmch 
sphere  in  inches  i  it  follows  therefore  that  when  the  difierenee  of 

temperature  between  the  external  air  and  that  in  the  tabe^  as  ahown 

by  the  differential  thermometer,  is  constant,  the  velocity  of  the 
current  in  the  tube  varies-  inversely  aa  the  weight  of  the  vapour 
suspended  in  the  atmospliere. 

In  an  Appendix  the  author  describes  some  addiiiuual  experiments, 
made  with  the  view  of  ascertaining  whether  the  readings  of  the 
differential  thermometer  were  mainly  due  to  actual  chan^  of  tern- 
peiatnre  within  the  tube,  or  to  extraneous  causes  actmg  on  the 
external  bulb.  He  found  that  when  the  external  bulb  was  covered 
with  woollen  cloth  or  protected  by  a  zinc  tube  of  about  4  inches 
diameter  find  G  inches  long,  tlie  temperature  of  the  bulb  was 
increased  about  2°  on  the  scale  ot  the  instrument,  and  that  when 
they  were  removed  the  prior  reading  was  restored,  while  the  number 
of  revolutions  of  ^e  anemometer  per  minute  was  not  appredablr 
aflbeted  by  the  change.  This  exphuns  why  Uie  readings  ot  the  dif* 
ibrential  thermometer  varied  from  33^*0  to  33^*5  as  described  in  the 
paper,  without  producing  a  oorrespondiog  change  in  the  veloci^  of 
the  anemometi-r. 

For  the  purpose  ot  obtaining  a  more  currect  cstirnatt?  of  the 
influence  of  a  given  increase  of  heat  witlun  the  tube,  the  author 
introdaeed  into  the  tube  at  its  loweet  extremity,  a  phial  containing 
eight  ounces  of  water  at  the  temperature  of  IW  rahr.,  corked  so 
tiuit  no  vapour  eould  escape.  The  result  showed  that  in  thirteen 
observations  a  quantity  of  heat  equal  to  an  increase  of  one-tenth  of 
a  degree  on  the  scale  of  the  differential  thermometer,  was  equivalent 
to  a  mean  velocity  of  the  anemometer  of  3'6  revolutions  per  minute^ 
the  greatest  number  bcmg  3*8,  the  lea^t  3'o  ^er  minute. 

These  obsemtions  render  U  8611  more  evident^  that  if  n  higher 
temperature  witlun  the  tube  had  been  the  main  cause  of  the  revoln- 
tions  of  the  anemometer,  the  variations  in  their  velocity  would  not 

have  been  in  such  exact  relation  to  the  clastic  force  of  the  atmo- 
spheric vapour,  as  has  been  shown  to  fie  the  case.  They  also  lead 
to  the  inference,  that  the  apparent  excess  of  heat  within  the  tube 
alluded  to  by  the  author  in  his  i^aper  read  before  the  Society  in 
1855  did  not  really  exist,  and  to  the  condosion  that,  if  such  excess 
had  been  present,  the  anemometer  would  not  have  been  brought  to  % 
state  of  rest  by  depriving  the  air  of  tibe  room  of  a  pOCtioil  of  the 
moiitare  oidiDiifilj  «iuq(»med  in  it* 
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On  the  Relation  between  Boiling-poM  and  Composition*  ^7 

-  ''Ob  the  BeUtion  between  Bmling-pomt  tod  CmtpoMuk  ui 

Organic  Compounds."    By  Uermann  Kopp. 

The  nuthor  was  the  first  to  observe(in  184 1)  that,  on  comparing  pairf 
of  analogous  organic  compounds,  the  same  difference  in  boiling-point 
corresponds  frequently  to  the  same  difference  in  composition.  Thif 
relation  between  boiling-point  and  composition,  wheu  firstpointed 
out,  was  repeatedly  deoMOi  hut  is  now  gamlly  admitted*  The  eon* 
tinned  eiperinients  of  the  author,  as  well  as  of  nuoMraus  oth9 
inqoirers,  nave  since  fixed  many  lMnlinr>pointB  which  had  liitberta 
remained  undetermined,  and  correctod  such  as  had  been  inaccu* 
rately  observed.  In  the  present  paper  the  author  has  collected  liis 
experimental  determinations,  and  has  given  a  survey  of  all  the  facts 
satisfactorily  established  up  to  the  ])rcsent  moment  regarding  the 
relations  between  boiling-point  and  compositioii. 

The  sevcfvl  propositions  previously  announced  by  the  author 
were : —  » 

1.  An  alcohol,  CaHh+sOs,  differing  in  composition  from  ethylio 
alcohol  (CJI„0,,  boiling  at  78°  C.)  by  x  C,H^  mm  or  Im,  boill 
orx  19°  higher  or  lower  than  ethylic  alcohol. 

2.  The  boiling-pouit  of  an  acid,  CnllnO^,  is  40°  higher  than  that 
of  the  corresponding  alcohol,  CnllM+aOa. 

3.  The  b<nluig-point  of  a  compound  ether  is  82^  higher  than  tha 
boiling<point  of  tiie  isomerio  acid,  C»H«04< 

These  propositions  supply  the  means  of  calculating  the  boilings* 
points  of  all  alcohols,  C«H„+.iOo  ;  of  all  acids,  CnU„04 ;  of  all  com- 
pound ethers,  C„U,|04.  The  author  contrasts  the  values  thus  cal- 
culated for  these  substances  with  the  available  results  of  direct  obser* 
vation.  The  Table  embraces  eight  alcohols,  CnHn-t-sOg,  nine  acid^ 
GiiHitO^t  and  twenty«three  compound  ethen^  CiiHm04;  tiie  calculated 
boiling-points  agree,  as  a  general  rule,  with  those  obtsoned  by  cspeii* 
ment,  as  well  as  two  boiung-points  of  one  and  the  same  substance 
determined  by  different  observers.  We  are  thus  iustified  in  assuming 
that  the  calculated  boiling-point  of  other  alcohols,  acids,  and  ethers 
belonging  to  tliis  series  will  also  be  found  to  coincide  with  the  results 
of  observation. 

The  boiliug-points  of  other  mcnatomic  alcoholic  CMHwOb  cQm 
monatoniic  acios,  C»Hm04,  and  other  compound  ethers,  CwHmOk 
are  closely  allied  wi^  the  series  ptemoAj  discussed.  A  substance 

containing  xC  more  or  less  than  the  analogous  term  of  the  previous 
class,  in  which  the  same  number  of  oxygen  and  of  hydrogen  equiva- 
lents is  present,  boils  a:  X  14°'5  higher  or  lower  ;  or,  what  amounts  to 
the  same  thiuff,  a  difference  of  d;H  more  or  less  of  hydrogen  lowers 
or  raises  the  boiling-point  by  #x  5**.  Thus  bemoifi  add,  Cj^II.O^ 
boils  8  X  14^-5  higher  thap  propionic  add,  C«H«0|^  or  8  X  5^  highinr 
than  oenanthvlic  acid,  C^Hj^O^ ;  cinnamate  of  ethyl,  C^^l^.^fi^  boilf 
1 0  X  1 4°-5  higher  than  butyrate  of  ethyl,  CuHuO^.  or  10 X ^"litjbm 
than  pelargonate  of  ethyl,  C„^1^^0^, 

The  author  compares  the  boiling-points  thus  calculated  for  five 
alcohols,  C„Iim04i  for  six  acidii,  Cnii«,Oii  and  for  sixteen  compound 
ethers,  G»H»04,  with  the  reniltf  of  obsemtioii.  In  AhBost  m  mm 
the  conoofdsmce  is  snffidcnL 
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Th€  anllior  demoiutrttei  in  the  next  place  ibat  in  nunj  aeriea  ef 
compounds  other  than  those  hitherto  eonsidered,  the  elementanr 
difference*  «C,H^  likewise  involves  a  difference  of  xx  19°  in  the  boil- 

ing-point.  He  further  shows  that  on  comparing  the  boiling-points 
of  the  corresponding  terms  in  the  several  series  of  homologous  sub- 
Stances  lutherto  considered,  many  other  constant  differences  in  boiling- 
point  are  found  to  correHjioud  to  certain  ilitlerences  in  composition. 
Thus  a  monobasic  acid  la  found  to  boil  44^  higher  than  its  ethyl 
compound,  and  53^  higher  than  its  methyl  compound ;  and  tiua  con- 
stant relation  holds  good  even  for  acids  other  than  those  previously 
examined,  e.  g.  for  the  substitution-products  of  acetic  ncid.  Also  in 
substances  which  are  not  acid^^.  the  '^n'  titntion  of  C^H,  or  CMI^, 
for  II,  occasionally  involves  a  (k'pres'-iioii  nf  the  boilinfr-points  re- 
spectively of  44°  and  63°;  the  relation,  however,  is  by  no  means 
generally  obsen'ed. 

The  author,  in  additioii  to  the  examples  prerionsly  quoted,  ahow* 
that  compounda  containing  benzoyl  (C,JIjOJ  and  benzjl  (Ci^H,) 
boil  78^  (™4  X  M°*5-|-4  x  5°)  higher  than  the  corresponding  terms 
containing  raleryl  (C,  JI.O  )  and  aniyl  (C,^,H,,),  a  relation,  bowovcr, 
which  is  likewise  not  generally  met  with,  lie  discusses,  moreover, 
other  coincidences  >\w\  differences  of  boiling-points  of  compounds 
differing  in  a  liku  nianuer  in  composition.  Not  iu  ail  iiuiuologous 
series  does  the  elementaiy  diffisrence  K^^H.^  intolve  a  diffiefence  of 
#XliPin  hoiling-point.  The  author  shows  that  this  difference  is 
grester  for  the  hydrocarbons,  CnH«_s  and  CnHm^.! ;  fbr  the  acetones 
and  aldehydes,  CnH^Oa;  for  the  so-called  simj)le  and  mixed  ethers, 
C„II„  +  .jOj;  for  the  chlorides,  bromides,  and  iodides  of  the  alcohol 
radicals,  Cnll„  >  i,  and  for  several  other  frroups  ;  that  it  is,  on  the  con- 
•  trury,  smaller  for  the  anhydrides  of  monobasic  acids,  C«Ui»-sOa;  for 

the  ethm,  CnH„_aOri  (which  maj  be  formed  eith«>  bj  the  action  of 
one  molecule  of  a  dibasic  acid,  CUHit.sO^,  upon  two  molecules  of  a 
monatomic  alcohol,  CmHu+sO^  or  by  the  action  of  two  molecules  of 
a  monobasic  acid,  CnHnO^»  upon  one  molecule  of  a  diatomic  alcoholt 
CmHu+sOi),  and  several  other  series. 

The  autltor  tiimks  that  the  iine(pial  differences  in  1  iilliiipj-points 
corresponding  in  different  homologous  series  to  the  elementary  differ- 
ence jrC^U,,  arc  probably  regulated  by  a  more  general  law,  which  will 
be  found  when  the  boiling-pointa  of  many  substances  shall  baTC  been 
determined  under  pressures  differing  from  those  of  the  atmosphere. 

From  the  observations  at  present  at  our  disposal  it  may  be 
affirmed  as  a  general  rule,  tliat  in  homologO'H  eo-Mponnds  belonging 
to  the  same  series,  the  differences  in  boilirig-pomt >  nre  proportional 
to  the  differences  in  the  formula;.  Exceptions  obtain  only  in  cases 
when  torms  of  a  particular  group  are  rather  difficult  to  prepare,  or 
when  the  substances  boil  at  a  verf  high  temjjeratnre,  at  which  the 
observations  now  at  our  command  are  for  the  most  part  uncertain. 
Again,  it  may  he  affirmed  that  the  difference  in  boiling-points, 
corresponding  to  the  elomentarv  diff.-rence  C  11^,  is  in  a  great  many 
series  =19°  ;  in  some  series  greater,  in  some  series  less.** 

The  author  proceeds  to  discuss  the  boiling-points  o{  iaDmeric  com- 
pounds.   He  shows  that  iu  a  great  many  cases  isomeric  couipouuds 
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belonging  to  the  same  type,  and  exhibiting  tlie  same  chemical  cha- 
racter, boil  at  the  same  tem|}erature,  and  that  there  i;^  no  reason  wh^, 
for  the  class  of  bodies  mentioned,  this  coincidence  should  not  obtain 
penerally.  On  the  other  hand,  different  boiling-points  are  observed 
in  isomeric  compounds  possessing  a  diflfeient  chemical  character, 
although  belonging  to  the  same  type  {e.  q.  nrids  and  compound  ethers, 
C,iHn04;  alcohols  and  ethers,  C„Il«  +  2<-'j),  and  in  isomeric  com- 
pounds belonging  to  different  types  (e.//.  nllylic  alcohol  and  acetone). 

The  author  shovv^i  thai  liie  deterniinatiou  of  the  boiling-point  of  a 
aahstance*  together  with  an  inquiry  into  the  oompounda  seiially 
allied  with  it  by  theur  boilingwpoints»  constitutes  a  yunable  means  of 
fixing  the  character  of  the  substance,  the  type  to  which  it  belongs, 
and  the  series  of  honiologons  bodtes^of  which  it  is  a  term.  He 
quotes  as  an  illustration  eugenic  acia.  The  boiling-point  of  this 
acid,  C.,jHi,Oj,  is  150°;  and  on  comparing  this  boiling-pnint  with  the 
boiling-points  of  benzoic  acid,  Cj^HgO^  (boiUng-point  2jJ"^,  and  of 
hydride  of  salicyl,  C^^H^O^  (boiling-point  196<^},  it  is  obvious  that 
eugenic  add  cannot  be  homoloeous  to  bensoic  add*  whilst,  on  the 
other  hand,  it  becomes  extremdy  probable  that  it  is  homologous  to 
hydride  of  salicyl,  and  consequently  that  it  belongs  rather  to  the 
aldehydes  than  to  the  acids  proper. 

The  author,  in  conclusion,  calls  attention  to  the  importance  of 
considering  the  chemical  character  in  comparing  the  boiling-points 
of  the  volatile  organic  bases,  and  shows  the  necessity  of  distinguish- 
ing between  the  primary,  secondary,  and  tertiary  monamines  in  order 
to  exhibit  cunstnnt  diflerences  of  boiling-point  for  this  class  of  sub* 
stances.  He  discusses  the  boiling-points  of  the  several  bases, 
CjjILi-.'iN  and  C„H„.i:)N,  and  points  out  how  in  many  cases  the 
particular  elass  tu  which  a  base  belongs  may  be  ascertained  by  the 
dett  l  iiiination  of  the  boiling-point. 

The  comprehensive  recognition  of  definite  relations  between  com- 
position and  boiling»point  is  for  the  present  chiefly  limited  to  organic 
compounds.  But  for  the  majority  of  these  compounds,  and  indeed 
for  the  most  important  ones,  this  relation  assumes  the  form  of  a 
simple  huv,  which,  more  especially  for  the  monatomic  alcohol?, 
CrtllwiOa,  for  the  monobasic  acids,  CnH,„04,  and  for  tlie  compound 
ethers  generated  by  the  union  of  the  two  previous  classes,  is  proved 
in  the  most  general  manner ;  so  much  so,  hidoed,  that  in  many  cases 
the  determination  of  the  bofling-point  furnishes  most  material  assist- 
ance in  fixing  the  true  position  and  character  of  a  compound. 

The  author  points  out  more  especially  that  the  simplest  and  most 
comprehensive  relations  ha^e  been  recognized  for  those  classes  of 
organic  com])ound3  which  have  been  longest  known  and  most  accu- 
rately investigated,  and  that  even  lor  those  classes  the  generality  and 
simplicity  of  the  relation,  on  account  of  numerous  boiling-points  in- 
correctly observed  at  an  earlier  date,  appeared  in  the  commencement 
doubtful,  and  could  be  more  fully  aclmowledged  only  alter  a  consi- 
derable number  of  new  determinations.  Thus  he  considers  himself 
justified  in  hoping  that  also  in  other  classes  of  compounds,  in  which 
fiimple  and  comprehensive  relations  have  not  hitherto  been  traced, 
tiiese  relations  will  become  perceptible  as  doou  as  the  veriiicatiou  of 
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the  boilmg-points  of  terms  already  known,  and  the  examination  of 
new  termsj  shall  hnve  laid  a  broader  foundation  for  our  conclusions. 

Ifftj  iO.«— Sir  fiayamia  C.  Brodie,  Bart.,  President,  in  the  Chair. 

The  Bak«rbtti  Lecture  was  delivered  by  Mr.  Fairbaini,  F.R.S« 

The  Lecturer  gave  a  condensed  exposition  of  the  experiments  and 
results  detailed  in  the  following  Paper.  lie  also  exhibited  the  appA* 
ratus  employed,  and  explained  the  mothotls  followed. 

•*  Experimental  llesearches  to  determine  the  Density  of  Steam  at 
all  Temperatures,  and  to  determine  the  Iaw  of  Expaniion  of  Buper- 
keated  Steam."  By  William  Fairbaini*  Esq.,  F.R.S.,  and  Thomai 
Tate,  Esq. 

The  object  of  these  rescaroj^es  is  to  determine  by  direct  experiment 

the  law  of  the  density  and  PX]if\n«;io?i  of  steam  at  all  temperatures. 
Dumas  determined  the  density  ot  steam  at  212^  Fahr.,  but  at  this 
temperature  only.  Gay-Lussac  and  other  physicists  hare  deduced 
the  density  at  other  temperatures  by  a  theoretical  formula  true  for  a 
perfect  gai  t 

VP    459+T  . 

On  the  expansion  of  superheated  steam,  the  only  experimenti  ate 
Uiose  of  Mr.  Siemens,  which  give  a  rate  of  eznanaion  extremely  hight 
and  physicists  have  in  this  case  also  generally  assumed  the  rate  of 

expansion  of  a  perfect  gas.  Experimentalists  have  for  some  time 
questioned  the  truth  of  these  ern^eous  formula*  in  the  case  of  conden- 
sable vapour?,  and  have  proposed  new  fonnul.i-  derived  from  the 
dynamic  theory  of  heat  i  but  up  to  the  prcseuL  lime  no  reliable  dtrect 
etperimentt  haye  been  made  to  determine  either  of  the  pointa  at 
issue.  The  anthois  have  sought  to  supply  the  want  of  data  on  these 
questions  by  researches  on  the  density  of  steam  upon  a  new  and  ori- 
guial  method. 

The  general  features  of  this  method  coii^^ist  in  vaporizing  a  known 
weight  of  water  in  a  globe  of  about  70  cubic  inches  capacity,  and 
devoid  of  air,  and  observing  by  means  of  a  saturation  gauge  the 
exact  temnerature  at  which  the  whole  of  the  water  is  converted  into 
steam.  The  saturation  gauge,  in  which  the  novelty  of  the  experi- 
ment consists,  is  essentially  a  double  mercury  column  balanced  upon 
one  side  by  the  pressure  of  the  steam  produced  from  the  weighed 
portion  of  water,  and  on  the  other  by  constantly  saturated  steam  of 
the  same  temperature.  Hence  when  heat  is  applied  the  mercury 
columns  remain  at  the  same  level  up  to  the  point  at  which  the 
weighed  portion  of  water  is  wholly  vaporised ;  u-om  this  point  the 
columns  mdicate,  by  a  diffi^rence  of  leve^  that  the  steam  in  the  globe 
IS  superheating ;  for  superheated  steam  increases  in  pressure  at  a  far 
lower  rate  than  saturated  steam  for  equal  increments  of  temperature* 
By  continuing  the  process,  and  carefully  measuring  the  difference  of 
level  of  the  colunms,  data  are  obtained  for  estimating  the  rate  of 
expansion  of  superheated  steam. 

The  apparatus  for  experiments  at  pressures  of  from  15  to  TO  lbs. 
per  square  indv  consistM  chiefly  of  a  glass  globe  for  the  reorotion  of 
the  weighed  portion  <^  water,  drawn  out  into  a  tube  about  32  inches 
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long.  The  globe  was  enclosed  in  a  copper  boiler,  forming  a  steam* 
bath  bjr  which  it  could  be  uniformly  heated.  The  copper  steam- 
bath  was  prolonged  downwards  by  a  glass  tube  encloauig  the  globe 
Stem*  1V»  heat  this  tnbe  vniformlj  with  the  iteam-bratin  outer 
ottbath  of  blown  glass  was  employed,  heated  like  the  copper  bathbj 
gas  jets.  The  temperatures  were  obsenred  by  thermometers  exposed 
naked  in  the  steam,  but  corrected  for  pressnre.  The  two  mercury 
columns  forming  the  saturation  gauge  were  Ibnnod  in  the  globe  stem, 
and  between  this  and  the  outer  glass  tube  ;  su  long  as  the  steam  in 
the  glass  globe  continued  in  a  state  of  saturation,  the  inner  column 
in  the  globe  stem  remained  stationaiy,  at  nearhr  the  same  lerel  as 
tiiat  in  the  outer  tube.  But  when,  in  ratsiiig  tne  temperature,  the 
whole  of  the  water  in  the  globe  had  be^  evaporated  and  the  steam 
had  become  snperhoater],  the  pressure  no  longer  balanced  that  in 
the  outer  steam- bath,  and,  in  consequence,  the  column  in  the  globe 
stem  rose,  and  that  in  the  outer  tube  fell,  the  difference  of  level 
forming  a  measure  of  the  expausiou  of  the  steam.  Observatiun^  of 
the  leveb  of  the  columns  were  made  by  means  of  a  cathetometer  at 
different  temperatnres,  up  to  10°  or  2<r  above  tiie  saturation  point  % 
and  the  maximum  temperature  of  satoration  was,  for  reasons  deve- 
loped by  the  experiments,  deduced  from  a  point  at  which  the  steam 
was  decidedly  superheated. 

The  results  of  the  experiments,  which  in  the  paper  are  given  iu 
detail,  show  tiiat  tiie  density  of  ±>aturated  steam  at  all  temperatures, 
above  as  well  as  below  212^,  Is  invariably  greater  than  that  doived 
ftom  the  gaseous  laws. 

The  apparatus  for  the  experiments  at  pressures  below  that  of  tfao 
atmosphere  was  considerably  modified ;  and  the  condition  of  the  steam 
was  determined  by  comparing  the  column  which  it  «npported  with 
tliat  of  a  barometer.  The  results  of  these  experiments,  reduced  in 
the  same  way,  are  extremely  consistent. 

As  the  authors  propose  to  extend  their  experiments  to  steam  of  a 
very  high  pressure,  and  to  institute  a  distinct  series  on  the  law  of 
expansion  of  superheated  steam,  they  have  not  at  present  given  any 
elaborate  generalizations  of  their  results.  The  following  formulae, 
however,  rej)rcseiit  the  relations  of  specific  volume  and  pressure  of 
saturated  steam,  as  determined  in  their  experiments,  with  much 
exactness. 

Let  y  be  tlie  specific  volume  of  saturated  steam,  at  the  pressure  P, 
measured  by  a  column  of  mercury  in  inches ;  thm 

V-25(i2+|^  W 

In  regard  to  the  rate  of  expansion  of  superheated  steam,  the  ex- 

Serimenta  distinctly  show  that,  for  temperatures  within  about  ten 
egrees  of  the  saturation  point,  the  rate  of  expansion  greatly  exoeeds 
that  of  air,  whereas  at  higher  temperatures  the  rate  of  expansion 
approaches  very  near  that  of  air.  Thus  in  experiment  6,  in  which 
the  mftTP™qm  tempetatnre  of  saturation  is  174^*92,  the  coefficient  of 
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expansion  between  I74°'92  and  180*"  ia  or  three  times  (hat  of 
mr  I  whereas  betweeo  IBff  and  200°  the  ooeiBdent  is  very  nearly  the 
same  as  that  of  air  (steams^iy,  airsTi?),  ^  so  on  in  other  cases. 
Thetnean  coefficient  of  expaimon  at  zero  of  temperature  from  seven 

experiments  below  the  pressure  of  the  atmosphere,  and  calculated 
from  a  jioint  several  degrees  above  that  of  saturation,  is  ^Ixt  whereas 
for  air  it  is  jl^.  Hence  it  would  apj)ear  that  lor  somu  degrees 
above  the  saturation  point  the  btcani  is  not  decidedly  in  au  aeriform 
state,  or.  In  other  words,  that  it  is  watery,  oontaining  iloatiug  vestdes 
of  immporiied  water. 


Table  t^SnutUt  thowinff  ihe  relatum  of  densiiy,  pntWft,  and 
temperaiwe  of  Mturated  steam. 
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1 

8183 

2 
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0 

8 
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4 

6-2 

12-47 
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3717 

3766 

5 
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6 
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174-92 

3433 
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7 

80 
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1 

~  So 

8 

91 
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2fj2rt 

2620 

0 

9 
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1' 
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2' 
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y 

27*6 

55-89 

245*22 

691 

900 

+  ToZf 

4' 

331 

66-84 

255-50 

758 

758 

0 

5' 

37-8 

76-20 

263-11 

648 

669 

6' 

40-3 

81*53 

267-21 

634 

628 

7' 

41*7 

84-20 

26920 

004 

608 

— 

8' 

45-7 

92-23 

271-76 

583 

562 

9' 

49-4 

9960 

279-42 

514 

519 

+^ 

ir 

51»7 

104-54 

282-58 

496 
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12' 

55-9 

112-78 

287-25 

457 

461 

13' 

60-6 

122-25 

292-53 

432 

428 

14' 

66*7 

114-25 

288-25 

448 

456 

Adopting  the  notation  ]>revlousIy  employed,  and  putting:  r  for  the 
rate  or  coefficient  of  cxpan&iou  of  au  elastic  fluid  at  temperature, 
we  find  V 

r—  (4.) 

where  1  =  the  nte  of  expansion  at  sero  of  temperature.  In  the  ease 

of  air  e,=:  459. 

The  following  Table  gives  the  value  of  the  coeffieient  of  ex]);iiision 
of  superheated  steam  taken  at  different  intervals  of  temperatiu  e  it  urn 
the  maximum  temperature  of  saturation. 
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140 
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160 

190 

159-36 
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Hence  it  appearsj  that  as  the  steam  becomes  more  aud  more  super- 
heated, the  coefficteDt  of  expansioD  approaches  that  of  a  perfect  gas. 
The  authors  liope  that  these  experiments  may  be  continned,  and  vaat 
the  resnlts  obtained  at  greatly  increased  pressures  wSi  prove  as 
important  as  those  ah^y  arrived  at. 


OVOLOOICAI*  aOCIBTY. 

[Contittued  from  p.  167>] 
December  5, 1860. — L.  Homer,  Esq.»  Prudent,  in  (he  Chair. 

The  following  communication  was  read  : — 

"  On  the  Structure  of  the  North-west  Highlands,  and  the  Rela^ 
tions  of  the  Gneiss,  Red  Sandstone,  and  Quartzite  of  Sutherhmdand 
Ross-shire."    By  Professor  James  Nicol.  F.R.S.E.,  RG.S. 

The  author  first  referred  to  his  paper  in  the  Quart.  Joum.  Geol. 
Soc,  vol.  xiii.  pp.  17,  &c..  in  which  the  order  of  the  red  eanclsttnie 
on  giicisSt  and  of  quiirtzite  and  iimei«tonc  ou  the  saiidtttone,  was 
established,  and  in  whkh  tiie  relation  of  the  eastern  gneiss  or  mica- 
schist  to  the  quartzite  was  stated  to  be  somewhat  obscure  on  account 
of  the  presence  of  intrusive  rocks  and  other  marks  of  disturbance. 
Having  examined  the  country  four  times,  with  the  view  of  settling 
some  of  the  doubtful  pohits  in  the  sections,  the  author  now  offered 
the  matured  result  of  his  observations.  He  agrees  with  Sir  H. 
Murchison  as  far  as  the  succession  of  the  western  gneiss,  red  sand- 
stone, (^Uiurtzites  (quartziie  and  iucuid-bcd),  and  Umestone  is  con- 
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cerued ;  but  ditfers  from  hiui  in  maintatniag  that  there  is  do  upper 
Mritt  o£  qiutrtiite  and  limestone,  and  that  tibere  b  no  evktoniioof  tat 
*'  upwavd  oonfonaable  succession"  from  the  quartsita  and  limestone 
into  tbe  eastern  mica- slate  or  gneiss-^the  o-called  **  upper  gneiss." 

The  "  up]>er  quartzite  "  and  "  upper  limestone  "  the  author  believes 
to  be  portions  of  the  quartzite  of  the  country,  in  some  cases  separated 
by  anticlines  and  faults  and  cropping  out  in  the  hip:her  ground,  and 
in  other  instances  inverted  beds  with  the  guei^ii  brought  up  by  a 
contiguous  laiilt  and  oTerhanging  them.  This  latter  condition  of 
the  stratSj  as  well  as  other  cases  where  the  eastern  gneiss  is  brought 
up  against  the  qnartzits  series,  have,  according  to  the  author,  given 
rise  to  the  supposed  "upward  conformable  succession"  above  referred 
to.  In  some  cases  where  "gneiss"  is  said  to  have  been  observed 
overlying  the  quartzite.  Professor  Nicol  has  dc  terinined  that  the 
overlying  rock  is  granulite  or  other  eruptive  ruck,  not  gneiss. 

The  sections  described  by  the  antbor  in  support  of  his  views  of 
the  eastern  gneiss  not  overly  iug  the  quartzite  and  limestone,  but 
being  the  same  as  the  gneiss  of  the  west  coast,  and  brought  up  by  a 
powerful  fault  along  a  nearly  north  and  south  line  passing  from 
Whiten  Head  (Loch  Erriboll)  to  Loch  Carron  and  the  Sound  of  Sleat, 
are  chiefly  those  which  had  been  brought  forward  as  affording  the 
proofs  on  which  the  opposite  hypothesis  is  founded ;  and  in  all,  the 
author  finds  irruptions  of  igneous  rocks,  and  other  indications  of 
liMilts  and  disturbance,  depriving  them,  in  his  opinion*  of  all  weight 
as  evidence  of  a  regfular  order  of  "upward  conformable  succession." 

Prof.  Nicol  further  argues  that  the  mode  of  the  distribution  of  the 
rocks  showi?  that  there  is  through  Sutherland  and  Hog?- shire  a  real 
fault,  and  no  overlap  of  eastern  gneiss  of  more  than  a  few  feet  or 
yards  at  mosl,  and  that  the  fact  of  different  strata  uf  tlic  quartzite 
series  being  brought  against  the  gneiss  at  different  places  supports 
this  view,  and  points  to  a  great  denudation  having  taken  place  along 
the  line  of  fault.  Though  the  quartsite  is  here  and  there  altered  bj 
the  igneous  rocks,  yet  it  is  truly  a  sedimentary  rode,  and  so  is  the 
limestone  ;  but  the  eastern  [rneij^s  or  mica-schist  a  crystalline  rock 
throughout:  this  fact,  according  to  tiie  author,  is  inimical  to  the 
hypothesis  of  the  eastern  gneiss  overlying  the  liuiestune  and  quartzite.  * 
It  ims  been  insisted  upon,  that  the  strike  of  the  we&tern  gneiss  is  dif- 
ferent from  that  of  the  east ;  but  the  author  remarks  that  the  strike 
b  not  persistent  in  either  area,  and  that  great  movements  snbae- 
quent  to  the  deposition  of  the  quartzite  series  have  irregularly  affected 
tne  whole  region.  With  regard  to  mineralogical  characters,  Prof, 
Nicol  insists  that  both  the  eastern  and  the  western  gneiss  arc  essen- 
tially the  same.  Both  are  locally  modified  with  granitic  and  horn* 
blendic  matter  near  igneous  foci ;  but  no  proof  of  a  difference  of  age 
In  the  two  can  be  obteined  therefrom.  The  alteration  in  bulk  of  the 
gneiss  in  the  western  area,  by  the  intrusion  of  the  vast  quantities  of 
granite  now  observable  in  it,  may  perhaps  have  caused  the  great 
amount  of  crumpling  and  faulting  along  the  N.  and  S.  line  of  fault, 
dividing  the  western  from  the  eastern  gneiss, — n  faiilt  comparable 
with  and  parallel  to  that  running  from  the  Moray  Firth  to  the  Liiinhe 
liocb,  and  to  tbe  one  passing  along  the  south  side  of  the  Grampians. 
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Becember  Id,  I860, — L.  Homer,  Esq.,  Presideaty  m  the  Chair* 

TIm  following  eommiinicatifOftt  wm  nad : — 

1.  On  the  Geological  Structure  of  the  South-west  Highlands  of 
Scotlnnd/'  By  T.  F.  Jamieson,  Ssq.   Commanicated  by  Sir  R.  I. 

MurchiFon,  V.P.G.S. 

In  this  paper  the  fiuthnr  attempts  to  throw  light  on  the  relations 
of  those  rocks  which  hgure  ia  geological  maps  as  the  mica-schist, 
clay-slate,  the  ditorite-iutefl,  and  the  qoarti-rock  of  the  South- west- 
em  Highlande,  which  range  N.E.  through  the  middle  of  SooUand, 
fanning  an  important  feature  in  the  geology  of  that  country.  An 
examination  of  these  rocks,  as  displayed  in  Bute  and  Argyleshire, 
has  led  Mr.  Jamieson  to  heliove  that,  from  the  quart?  rock  of  Jura 
to  the  border  of  the  Old  Red  Sandjjtoue,  there  is  a  conforrnabie  series 
of  strata,  which,  although  closely  linked  together,  may  be  clasised 
into  three  distinct  groups,  namely,  Ist,  a  set  of  lower  grits  (or 

SuartSorockV  many  thousand  feet  (hick;  2ndly,  a  great  maae  of 
liin*hedded  slates,  2000  feet  or  more  thick ;  and  8rdly,  a  set  of 
upper  grits,  with  intercalated  seams  of  slate  of  eqnal  thickneaa. 
Beds  of  limestone  occur  here  and  there  sparinjjlv  in  all  the  three 
divisions;  the  thickest  being  deep  down  in  the  lower  Lz:rits.  Al!  the 
limestones  are  thickest  towards  the  west.  The  siliceous  gnts  also 
appear  to  be  freer  from  an  admixture  of  green  materials  towards  the 
we^t.  All  the  members  of  the  series  (namely,  the  upper  grits,  slates, 
and  lower  grits)  have  a  persistent  S.W.-N.E.  strike,  sometimes  in 
Bute  approaching  to  due  N.  and  S.  They  are  conformable,  and 
graf!uf\re  one  into  nnother  in  such  away  as  to  show  thnt  they  belong 
to  one  continuous  succession  of  deposits.  The  material  -  uf  w  hich  they 
have  been  formed  seem  to  have  been  derived  from  very  siuiiUr  sources. 
The  upper  and  the  lower  grits  are  very  similar  in  comj>oi»ition,  being 
made  up  of  water-worn  grains  of  qnartz,  many  of  which  are  of  a 
peculiar  semitransparent  bluish  tint 

The  rocks  of  the  district  have  been  thrown  into  a  great  undula- 
tion, -with  an  anticlinnl  axi«  extending  from  the  north  of  Cantyre 
throupdi  (/owal  by  the  lu  ad  of  Loch  Kidun  on  to  Loch  Eck  (and 
proba!jIy  by  the  head  of  Loch  Lomond  on  to  the  valley  of  the  Tay, 
at  Abeiieldyj,  and  with  a  syQclinui  trough  lying  near  the  parallel 
of  Loch  Swen,  The  anticlinal  fold  is  well  seen  in  the  Idlf  called 
Ben-y-happel,  near  the  Tlghnabruich  quay  in  the  Kyles  of  Bute. 
Southward  of  this  ridge,  which  is  composed  of  the  lower  fprits  or 
qunrtzite,  the  thin-bedded  greenish  slates  and  the  upper  gnts  sue- 
ceed  conformably  ;  and  the  latter  are  separated  by  a  trap-dyke  from 
the  Old  Red  Saudbtone  of  iluthsay.  This  section  the  author  de- 
scribed in  detail ;  also  the  corresponding  section  to  the  north  of  the 
anticlinal  axis,  towards  Loch  Fyne,  and  along  the  west  shore  of  Loch 
Fyne.  The  lower  grits  extend  as  fiu:  as  U>ch  Oilp.  and  are  then 
succeeded  by  the  green  slates  and  the  upper  grits,  which  falling  in  the 
synclinal  trough  are  repeated  through  Knapdale  towards  Jura  Sound, 
where  the  green  slates  again  form  the  surface  nh>n{r  the  efititem  coast 
of  Jura,  lying  on  the  quartzite  or  grits  of  that  island.  I  hroughout 
the  synclinal  trough  and  the  neighbouring  district  (that  is,  from 
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Loch  Fyne  to  Juia  Sonnd)  the  grits  and  skfees  are  intimately  mixed, 
with  numerous  intercalated  beds  of  greenstone,  some  being  of  great 
thicknes?.  Mr.  Jamieson  pointed  out  that  this  feature  of  the  di- 
strict has  lutlierto  in  f^reat  part  l)eea  misunderstood,  and  that  Mac- 
cuUoch  was  in  error  when  he  denominated  tliese  rocks  "  chionte- 
schist." 

The  probable  relationship  of  the  rocks  of  the  Islands  of  Shnna, 
Luing.  and  Scarba  to  those  of  Jura  and  Bute  were  then  dwelt  upon ; 
the  greenstones  of  Knapdale,  &c.,  and  their  relation  to  the  sedi- 
mentary rocks,  were  described  in  detail ;  and  the  limestones  of 
the  district  briefly  Ttoticed.  As  no  fossils  have  hitlierto  been  found, 
palfTontological  evidi  ncc  of  the  aj^e  of  these  rocks  is  wanting;  but 
the  author,  regarding  their  general  resemblance  to  the  quartz-rocksi 
limestones,  and  mica-schists  of  Sutherlandsbire,  thinks  them  to  be  ^ 
the  same  date  as  those  rocks  of  the  North-west  Highlands. 

2.  "  On  the  position  of  tlie  beds  of  the  Old  Red  Sandstone  in 
the  Counties  of  Forfar  and  Kincardine,  Scotland."  By  the  Rev. 
Hugh  Mitchell.    Communicated  by  the  Secretary, 

In  Forfar-  and  Kincardine>shire,  soutli  of  the  Grampians,  the  Old 
Bed  Sandstone  is  developed  in  the  following  series,  with  local  modi- 
fications : — 1st  (at  top).  Conglomerate ;  2nd,  grey  flagstone  witii 
intercalated  sandstone  (about  40  feet  thick  at  Canterland  Den, 
120  feet  at  Cormylie)  ;  3rd,  gritty  ferruginous  sandstone,  with 
occasional  thin  luycrs  of  purjilith  llagstone.  Of  the  last,  120  feet 
are  seen  at  Cauterland  Den  ;  it  uccura  also  at  Ferry  Den,  &c.  The 
flagstone  of  this  third  or  lowest  member  of  the  group  yields  Hippie- 
marks,  Rain-prints,  Worm-markings,  and  Crustacean  tracks  (of 
several  kinds,  large  and  small).  Parka  decipient  has  been  found  in 
the  lowest  grits ;  and  CephatatptM  in  the  sandstone  at  Brechin,  im- 
mediately under  the  grey  flagi^t  ncs. 

In  the  second  member,  namely  the  grey  flags.  Fish-remains  hax'e 
of  late  been  iound  more  or  less  abundantly  throughout  the  district, 
together  with  Crustacean  fossils.  Cephnluspis  LijeUi'i,  Iclithyodoru- 
iites,  Acantliodiau  fishes,  Pterygotus,  Eurifpierus,  Kampecaris  For' 
fariiiuis,  Siylom/rui  PwnietuU,  Parka  dec^neiu,  and  vegetable  re* 
mains  are  the  most  characteristic  fossils. 

The  author  pointed  out  that  some  few  genera  of  Fish  and  Crus- 
taceans were  present  both  in  this  zone  and  in  t!ie  Upper  Silurian 
formation,  and  that  still  fewer  links  existed  to  connect  the  fauna  of 
the  Forfarshire  flags  with  the  Oki  Ked  Sandstone  north  of  the  Gram- 
piuus.  with  whtcU  it  appears  to  have,  in  thi:^  respect,  almost  as  little 
relation  as  with  the  Carboniferous  system.  With  the  Old  Red  of 
Herefordshire  these  flags  appear  to  have  some  few  foesils  in  common ; 
but  of  about  twenty  species  found  in  Forfarshire,  only  about  four 
could  be  quoted  from  Herefordsiiire. 

In  coTiclucion,  the  author  noticed  the  vast  vertical  development  of 
the  uliolc  SCI  ic?,  :ui(l  !ts  great  gt'ogniphical  extent ;  and  particularly 
dwelt  upon  the  distmctuebs  ot  tlie  fauna  of  the  flagstones  of  Forfar- 
shire, as  giving  good  grounds  for  the  treatment  of  the  Old  Red 
Fauna  as  peciwar  to  a  separate  geological  period^  both  as  distinct 
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from  the  Silurian  System,  and  ia  some  degree  as  divisible  into  two 
or  more  members  of  one  group three  members*  if  the  upper  or 
Holoptychios-beds  of  Moray,  P^b«  and  Fife,  the  middle  or  Fish- 
beds  of  Cromarty  and  Caithnes?,  and  the  lowest  or  Forfarshire 
beds  be  counted  sepnrately  ;  but  two,  if  we  re«z:ard  some  of  the  Old 
Red  beds  north  of  the  Grampians  as  equivalent  in  time  to  those  on 
the  south. 

January  9, 1861.— »L.  Homer,  Esq.,  President  in  the  Chair. 

The  following  communications  were  read : — 

1.  "  On  the  Distribution  of  the  Corals  in  the  lias.**  By  the  Ker* 

P.  B.  Brodie,  M.  A.,  F.G.S. 

From  observations  made  by  himself  and  others,  the  author  was 
enabled  to  give  the  following  notes.  In  the  Upper  Lias  some  Corals 
of  the  e^cnera  Thecocyathus  and  Trochocyathus  occur.  'J'he  Middle 
Lias  of  Northamptonshire  and  tSoniersetshire  has  yielded  a  few  Corals. 
The  uppermost  band  of  the  Lower  lias,  namely  the  zone  with  Am* 
Hnmitet  rarieotteius  and  Hippopodium  ponderotum,  contains  an  unde* 
scribed  Coral  at  Cheltenham  and  Honeyboum  in  Gloucestershire ; 
and  a  MontUvaltia  in  considerable  abundance  at  Down  Hatherly  in 
Gloucestershire,  at  Fenny  Compton  and  Aston  Mag'nn  in  Worcester- 
shire, and  at  Kilsby  Tunnel  in  Northamjjtonshire.  The  middle  mem- 
bers of  the  Lower  Lias  aj>pcar  to  be  destitute  of  Conils.  In  the  zone 
with  Ammonites  Bucklandi,  called  also  the  Lima- beds,  Isastreea  occurs 
in  Warwickshire  and  Somersetshire.  Dr.  Wright  states  that  leeetrma 
Murehuoni  occurs  in  the  next  lowest  bed  of  the  Lower  Lias,  namely 
the  White  Lias  witli  Ammonites  Planorbie^  at  Street  in  Somerset ; 
and  another  Coral  has  been  found  in  the  J»nmc  zone  in  Warwick- 
sl'iire.  Lastly,  in  the  "  Guinea-bed"  at  Biaton  in  Warwickshire 
another  Coral  has  been  met  with. 

The  MontUvaltia  of  tixe  iiippopodium-bed  and  the  Isastraa  of  the 
Uma-beds  appear  to  have  grown  over  much  laiger  areas  in  the 
Liassic  Sea  than  the  other  Corals  here  referred  to. 

2.  "  On  the  Sections  of  the  Malvern  and  Ledbury  Tunnels,  on  the 
Worcester  and  Hereford  Railway,  and  the  intervening  Line  of  Rail* 
road."  By  the  Rev.  W.  S.  Symonds,  A.M.,  F.G.S.,  and  A.  Lambert* 

Esq. 

In  this  paper  the  authors  gave  an  account  of  the  different  strata 
exposed  by  the  cuttin^^s  of  the  Worcester  and  Hereford  Ilailway 
(illustrated  by  a  carelnlly  constructed  section),  including  the  dif- 
ferent meuibcis  of  the  New  Red  Sandstone  (on  the  east  of  the  Mal- 
vern Hills),  the  syenite  and  greenstone  (forming  the  nucleus  of  the 
Malverna),  and  the  Upper  Llandovery  beds,  the  Woolhope  ahalesi 
the  Woolhope  limestone,  Wenlock  shales,  Wenlock  limestone,  and 
Ix)\vcr  Ludlow  rock  on  the  west  side  of  the  syenite,  followed  by  some 
beds  of  the  Old  Red  series,  violently  faulted  ai^ainst  the  Ludlow  rock 
at  the  west  end  of  the  Malvern  Tunnel,  'i'hen  the  open  railway 
passes  over  Upper  Ludlow  rocks  and  some  lower  beds  of  the  Old  Red 
series,  here  and  there  covered  by  drift,  until  the  Lower  Ludlow  rock 
Is  again  tiavened  at  the  east  end  ol  the  Ledbury  Tunnel,  and  is 
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shown  to  be  mucb  faulted  and  brought  up  against  Upper  Ludlow 
shales  and  Ayinc«ti  y  rocks.  The  Weiilock  shales  and  the  Wcnlock 
limestone  are  then  traversed  ;  t]ie>e  are  much  faulted,  the  Lower 
Ludluw  bcdB  agaiu  coming  in^  followed  by  Aymestry  rockj  Upper 
Imdlow  shales,  Downton  sandstone,  and,  at  the  east  end  of  the 
tonnel,  hj  red  and  mottled  marls,  grey  shales  and  grits,  purple 
shales  and  sandstones,  with  the  Auchenaspis-beds,  forming  the  pas* 
sagc-beds  into  the  Old  Red  Sandstone,  as  described  in  a  former 
paper  (Quart.  Journ.  Geol.  Soc.  vol.  xvi.  p.  193). 

In  a  note,  Mr.  J.  W.  Salter,  F.G.S.,  described  the  great  abun- 
dance of  Upper  Silunuii  iu:>5iiii  found  in  these  cuttings,  and  now 
oliiefly  in  tne  odleolion  of  Dr.  Orindfod  and  other  geologists  at 
MalTem  and  the  neighbouriiood,  . 


XXXYI.  Intelligence  tmd  Mkc^amMt  Articles. 

ON  TBS  nBROVa  41UULNQB1UNT  OV  IBON  AND  QLAM  TUNIS. 
[Nstnot  froBi  a  Letter  Itram  Dr.  Psfantto  rrofestw  Tyndall.] 

Queen  wood  College,  Feb.  1/,  18(51. 

A FEW  weeks  ago  Mr.  E.  brought  me  a  piece  of  iron  tube  which 
hod  bccu  exposed  fur  several  years  to  the  action  of  moist  air. 
Neaily  the  whole  of  the  tube  was  converted  into  oxide  of  jiwl  This 
suggested  certain  thoughts,  the  results  of  which  were  new  and  in* 
teresting  to  me. 

You  know,  when  a  piece  of  glass  tube,  sealed  and  filled  with  water, 
is  heated,  the  tube  is  cracked ,  and  cracked  in  a  longitudinal  direc- 
tion. Why  is  this?  Glas.^  U\\)v.9  are  made  by  taking  a  piece  of  hol- 
low glass  in  a  viscous  state  and  pulling  it  at  both  ends.  Now,  the 
particles  of  the  glass  do  not  adhere  to  each  other  on  all  sides 
with  a  force  of  the  same  strengtii,  but  in  some  directions  this  fofoe  ■ 
is  stronger,  in  others  weaker.  Under  the  strain  produoed  bj  the 
pulling,  they  arrange  themselves  so  as  to  offer  to  the  pulling  force 
the  g^rentest  resistance.  Therefore  the  greatest  cohesion  of  the  par- 
ticles is  found,  in  the  formed  tul)e,  parallel  to  the  length  of  the  tulje, 
and  the  weakest  cohesion  m  a  direction  perpendicular  to  this.  This 
explains  tite  cracking  of  the  tube  as  mentioned  above. 

Mr.  £.  could  not  give  me  exact  information  as  to  how  inm  tubes 
are  made,  but  he  said  thef  were  passed  through  roUevB.  Now,  if 
this  is  correct,  the  particles  of  iron  ought  to  arrange  themselves  in 
a  similar  vtrj  to  the  particles  in  a  glass  tube.  If  such  a  tube  oxi- 
dizes, the  oxygen  naturally  would  overcome  the  cohesion  of  the  iron 
first  in  those  places  where  this  cohesion  is  weakci^t,  that  is,  in  lines 
penllel  with  the  tube.  Such  is  actually  the  case.  The  tube  men- 
tioned had  deep  furrows,  so  to  say,  hollowed  out  by  the  oxygen  along 
its  length,  just  in  the  same  way  as  a  glass  tube  would  crack  under 
pressure. 

I  need  not  mention  to  you  other  examples ;  but  one  case  more, 
and  then  I  have  done.   You  gave  seme  years  ago  an  explanation  of 
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cleavage  * .  The  paper  wherein  this  explanation  was  given  never  cnme 
to  my  li;in(la-  and  I  do  not  remember  that  you  explaiiiLcl  the  thing 
to  me  when  we  had  penonal  ictercouree.  The  principle  alluded  to 
•ppean  to  me  to  be  the  troe  cause  of  the  phenomenon. 

If  a  plastic  masi  is  exposed  to  piessuxe,  the  particles  torn  nntil 
iSiey  are  in  such  a  position  as  to  offer  the  i^eatest  resistance  to  the 
pressure  brought  to  bear  upon  them.  But  that  direction  wherein 
they  offier  the  greatest  re?i«tnnce  to  pressure  is  also  that  where  the 
cohesion  is  least.  Consequently  cleavage  ought  to  take  place  in  a 
direction  perpendicular  to  the  pressure  exerted. 

Am  I  right  or  wrong  ?  Of  course  I  could  say  more ;  but  why 
shou3d  I  cany  irater  to  the  well  ? 

H.  Dbbus* 


ON  THE  CALCIUM  SPECTRUM. 

To  ik9  EiUon  of  the  PWMopkM  MtigtmmM  tmi  JwrmU. 

In  acommnnieation  published  In  the  lest  Number  of  the  Philoso* 
phlcal  Magazine,  we  pointed  out  the  appearance  of  a  well-defined  Una 

line  in  the  spectrum  produced  by  igniting  the  evaporated  residue  of 
a  deep-well  water.  From  the  circumstance  of  this  line,  which  is  situ- 
ated i^omewhat  more  towards  the  violet  end  of  the  spectrum  than  the 
line  Sr  I,  not  being  referred  to  in  the  paper  of  Profs.  Kirchhoff  and 
Bunsen,  nor  indicated  in  their  beautiful  representations  of  the  spectra 
of  the  alkaligenons  metals,  we  were  iniraoed  to  attribate  its  pro- 
duction to  the  probable  existence  of  a  previously  unrecognized  mem* 
her  of  the  calcium  group  of  metals.  Farther  experiments,  however^ 
have  satisfied  us  that  the  blue  line  in  question  really  belongs  to  the 
calcium  ?pectnira.  On  iindiiig  this  to  be  the  case,  we  communicated 
with  Frules.aor  Bunsen,  who  in  return  informed  us  that  Professor 
Kirchhoff  and  himself  had  observed  this  line,  but,  not  thinking  it 
sufficiently  bright  to  be  suitable  for  the  reeognition  of  calcium,  bad 
not  made  reference  to  it  in  their  paper.  It  can,  however,  be  seen 
with  a  degree  of  bziUIancy  at  least  equal  to  that  of  many  of  the  lines 
represented,  when  perfectly  pure  dlloride  of  calcium  IS  Ignited  in  a 
somewhat  darkened  room. 

We  remain,  Gentlemen, 

Your  obedient  Servants, 

F.  W.  and  A.  Dvpat. 


ON  THE  LUNAR  TABLES  AND  THE  INEQUALITIES  OP  LONG  PEBIOB 
DUE  TO  THE  ACTION  OP  VENUS.    BY  M.  DS  rONTECOULANT. 

In  the  Number  of  the  Comptvs  liendus  of  the  labours  of  the  Aca- 
demy of  tlie  12th  of  November  last,  M.  Deiaunay  has  inserted  a 
memoir  in  which  he  gives  an  account  of  the  researches  in  which  he 
has  been  engaged,  concerning  the  two  lunar  distorbances  of  long 

*  Fibruuii  iwix  was  out  of  my  liiuaLrtttxona. — J.  T. 
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period  depending  on  fhe  action  of  the  planet  Venna,  which  Profesaor 

Hansen  has  proposed  to  introduce  into  the  expressions  for  thn 

moon's  motions.  According  to  M.  Delaunay's  calculntions  (the  accu- 
racy of  v.  hich  I  have  at  present  no  intention  of  disputing)  the  value  of 
the  cocnk  iL-ntof  the  first  of  these  disturbances — tlmt,  namely,  w'ho?e 
period  IS  t\b()ul  273  years — is  nearly  the  same  as  that  attributed  to  it 
by  the  uati  unomer  of  Gotha ;  but  the  coefficient  of  the  second,  whose 
period  is  about  240  years  (and  which  is  tlte  most  important  of  the 
two»  since  its  coefficient,  calculated  at  first  by  Professor  Hansen  at 
2S''*2,  is  according  to  his  account  at  least  21  "'47),  ought  to  be  con* 
sidered.  accordini^  to  t)ie  researches  of  M.  Delaunaj,  as  altogether 
insensible,  if  not:  absolutely  notliini^. 

This  coiicliisioi),  which  is  mui cover  ]>prfpctly  iii  accordance  with 
the  auuuuiicemeut  ui  tiic  illustrious  geouicLticiaa  Poisson,  publi&hed 

more  than  twenty^ven  years  a^  in  his  memoir  of  1833,  gives  rise 
to  several  questions  of  extreme  importance^  not  only,  as  it  seems  to 
me.  with  respect  to  the  perfection  of  the  lunar  tables,  hntalsoon  the 

subject  of  scientific  priority,  and  even  of  national  honour.  In  order 
that  the  members  of  the  Academy  may  be  able  to  judge  of  this  for 
themselves,  it  will  be  sufficient  to  mention  that  the  principal  cor- 
rections which  the  astronomers  of  the  Greenwich  Observatory  have 
thought  it  necessary  to  make  in  the  precious  tables  of  our  fellow- 
countryman  Damoiseau— tables  which  are  so  remarkable  from  the 
fact  that  they  are  the  first  that  were  constmeted  from  theory  alone, 
without  recourse  to  observation,— and  the  preference  which  they  have 
accorded  to  the  new  lunar  tables  of  Professor  Hansen,  are  principally 
founded  on  the  existence  (considered  by  them  to  be  conclusively 
demonstrated)  of  the  two  inequalities  aiisiiier  from  the  action  of 
Venus,  which  M.  Delaunay  has  just  calculated.  To  this  it  will  be 
sufficient  to  add  that  it  was  on  these  grounds  that  the  extraordinary 
prize  of  £1000  was  aUotted  to  the  same  Professor  by  the  Lords  of 
the  Admiralty,  at  the  suggestion  of  the  learned  director  of  the  Green- 
wich Observatory,  for  the  really  marvellous  addition,  as  Mr.  Airy 
calls  it,  which  he  has  made  to  the  lunar  theory.  This  assertion,  if 
ftifFered  to  pa-s  without  refutation,  might  lead  us  to  undervalue  the 
labours  of  those  astronomers,  French  and  foreign,  who  have 
brought  about  the  rapid  progress  of  this  difficult  theory,  and  bate 
advanced  it  to  its  present  state  of  perfeclion. 

I  shall  not  now  dwell  further  on  these  obserrations,  which  from  their 
length  would  extend  beyond  the  limits  prescribed  by  the  Academy 
to  its  own  members,  and  still  more  to  strangers  whose  claims  it  admits 
to  the  honour  of  an  insertion  in  tlie  Comptes  Kfufh/s  ■  but  1  thought 
it  advisable  to  lose  no  time  iu  announcing  that  1  am  busily  occupied 
in  drawing  up  a  memoir,  in  which  all  the  obaenrations  oaU«i  for  by 
a  question  of  gravity  so  great  that  the  history  of  science  has  rardy 
furnished  one  similar  to  it  will  be  detailed  at  length,  so  that  it  may 
not  be  supposed,  either  in  France  or  abroad,  that  a  memoir  so  im- 
portant as  that  of  M.  Del  lunay  ii!is  escaped  unnoticed  or  remained 
^   unanswered. — Comptes  Uendus,  December  1860. 
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XXKVIL  On  a  New  Proposition  in  ike  Theorff  of  Heat, 
By  Trofessor  Kirchhoff*. 

SOME  few  months  ago  I  oommanicated  to  the  Society  eer<« 
tain  observatiooSy  which  appeared  of  iaterett  because  they 
give  some  information  respecting  the  chemical  composition  of  the 
solar  atmosphere,  and  point  the  way  to  farther  knowledge  on 
this  subject.  Thesi  observations  led  to  the  conclu&ion  that  a 
flame  whose  spectrum  consists  of  brii?ht  Imcs  i^'  partially  opakc 
for  rays  of  light  of  the  colour  of  these  liucs,  whilst  it  is  ])erfectly 
transparent  for  all  other  lip^ht.  In  this  statement  we  find  the 
explanation  of  FraunliofLr's  daik  lines  in  the  isolar  spectrum,  and 
the  justihcatiou  of  the  conclusions  regarding  the  composition  of 
the  8ttn*t  atmorobere;  for  we  find  that  a  snbitance  wniclijWbea 
brought  into  a  flame^  prodaeea  bright  lines  coincident  with  the 
dark  lines  of  the  solar  speetntm^  must  be  present  in  the  snn's 
atmosphere.  The  fact  tiiat  a  flame  is  partially  opake  solely  for 
those  rays  which  it  emits,  was,  as  I  stated  at  tiie  time,  a  matter 
of  some  surprise  to  me.  Since  that  time  I  have  arrived^  by  very 
simple  theoretical  considerations,  at  a  proposition  from  which 
the  above  conclusion  is  immediately  derived.  As  this  proposition 
appears  to  me  to  be  of  considerable  importance  on  other  accounts, 
T  beg;  to  lay  it  before  the  Society.  A  hot  body  emits  rays  of  heat. 
We  feel  this  very  perceptibly  near  a  heated  stove.  The  intensity  of 
the  rays  of  heat  which  a  hot  body  emits,  depends  on  the  nature 
and  on  the  temperature  of  the  body,  but  is  quite  independent  of 
the  nature  of  the  bodies  on  which  the  rays  fall.  We  /eel  the 
rays  of  heat  only  in  the  case  of  very  hot  bodies ;  but  they  arc 

*  Abstract  of  a  Lecture  delivered  before  the  Natunl  Histoiy  Sodsly  oC 

Ileidelbcrg.    Communicated  by  Professor  Roscoc. 

PhU.  Mag.  S.  4,  Vol.  21.  No.  140.  ApHl  186 1.  E 
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emitted  from  a  body,  whatever  be  its  temperature,  although  the 
amount  diminishea  with  the  tempRratnre.  In  proportion  as  a 
body  radiates,  it  loses  heat,  and  its  temperature  must  sink  unless 
ihiri  loss  IS  made  up,  A  body  surrounded  by  substances  of  the 
same  temperature  undergoes  no  change  of  tern})crature.  In  this 
case  the  loss  of  heat  caused  by  its  own  radiation  is  exactly  com- 
pensated by  the  rays  which  isunoiiiiding  substances  erive  out,  a 
part  of  which  the  body  absorbs.  The  quantity  of  heat  which 
this  body  absorbs  in  a  given  time  must  be  equal  to  that  which  in 
the  same  time  it  emits.  This  holds  good  whatever  the  nature 
of  the  body  may  be ;  the  mm  xm  a  body  emits^  the  more  of 
the  incident  rays  most  it  absorb.  The  intensity  of  the  rays  which 
a  body  emits  has  been  called  its  power  of  radiation  or  emksion ; 
and  the  number  denoting  the  fraction  of  the  incident  rays  which 
is  absorbed  has  been  called  the  power  of  absofpHoiL  The  larger 
the  power  of  emission  a  body  possessesj  the  huger  most  its  power 
of  absorption  be. 

A  somewhat  closer  ron^^i deration  shows  that  the  relation  be- 
tween the  powers  of  emission  and  absorption  for  one  teinpcr-iture  . 
is  the  same  for  all  bodies.  This  cou elusion  has  been  verified  in 
many  special  cases,  both  in  the  last  ten  years  and  in  former 
times.  The  foregoing  proposition  requires,  however,  that  all  the 
rays  of  heat  under  consideration  are  of  out  and  the  same  kind ;  so 
that  these  ruys  uie  liut  quulitutively  so  ikr  dillerent  that  uue  part 
of  them  are  absorbed  by  the  bodies  more  than  another  part ;  for, 
weie  this  the  cbsCj  we  eonld  not  apeak  of  the  power  of  absorption 
of  a  body,  aimnly  because  it  would  be  difierent  for  difeent  rays. 
Now  we  have  long  known  that  there  leally  are  different  kinda  of 
heating  rave,  and  that  in  general  they  are  unequally  absorbed  by 
bodies.  There  are  both  dark-  and  luminous-heating  rays;  the 
former  are  afanost  all  absorbed  by  white  bodies,  whilst  the  latter 
rays  are  thus  scarcely  absorbed  at  all.  Indeed  the  variety  of  the 
rays  of  heat  is  even  greater  than  the  variety  of  the  coloured  rays 
of  light.  The  rays  of  heat,  the  dark  as  well  as  the  luminous^ 
are  inllueneed  in  the  same  manner  as  the  rays  of  light,  by  trans- 
mission, reflexion,  rclraction,  double  refraction,  polarization,  in- 
terference, and  diffrac  lion.  In  the  case  of  the  luminous  rays  of 
heat,  it  is  not  possible  to  separate  the  light  from  the  heat ;  when 
one  is  diminished  in  a  given  relation,  the  other  is  diminished  in 
the  same  ratio.  This  has  led  to  the  conclusion  that  rays  of  light 
and  heat  are  essentially  of  the  same  nature ;  that  rays  of  light  are 
'  simply  a  particular  dais  of  the  heat-giving  ra^s.  The  dark  rays  of 
heat  are  distinguished  from  the  rays  of  ligot  just  aa  the  difoently 
eobuied  rays  are  distinguished  from  eaidi  other,  period 
of  vibration,  wave-length,  and  refiraetive  index*  They  are  not 
visibk  becam  the  meoUa  of  oar  ^fesaienottraiii^^ 


Digitized  by  Gopgle 


in  the  Theory  of  Heat,  243 

A  difiPerenoe  of  quality  is  noticed  amongat  the  rays  of  light,  not 
only  in  respect  to  the  colour,  bat  also  in  respect  to  the  state  of 
pouunsation.   Hence  noC  only  have  we  to  distinguish  the  heating 

rays  according  to  the  wave-lengths,  but  we  have  also  to  divide 
rayn  of  one  wnvc-len^z^th  into  those  variously  polarized.  If  we 
take  into  consideration  these  varinus  kinds  of  rays  of  heat,  the 
conclusions  which  we  had  dra^ii  concemmgthe  relation  between 
the  powers  of  absorption  and  emission  cease  to  be  binding. 

Whether  this  relation  is  still  found  to  exist  when  these  variations 
arc  taken  into  consideration,  is  a  question  whicli  has,  as  yet,  not 
been  decided  cither  by  theoretical  conbiderations  or  by  an  appeal 
to  experiment.  I  have  succeeded  in  filling  up  this  gap ;  and  I 
bava  found  that  the  propofition  concerning  the  ittio  between  the 

Cer  of  emiaaion  and  the  power  of  abaofption  xemaini  trae^ 
erer  difoent  the  ntya  which  the  bodiea  emit  may  bcp  m  long 
as  the  notions  of  enuasiYe  and  absorptive  poweta  be  conBned  to 
cneitMolray. 

Hie  proposition  which  I  have  discovered  may  be  thna  mOM 
precisely  defined : — Let  a  body  C  be  placed  behmd  two  screens 
S,  and  Sg,  in  which  two  small  openings  are  made.  Through  these 
openings  a  pencil  of  mys  proceeds  from  the  body  C.  Of  these 
rays  we  conHidcr  that  jjortion  which  corresponds  to  a  given  wave- 
length X,  and  we  divicU'  this  into  two  ])olarized  components, 
whose  piaucH  of  polaiizatiun  are  two  planes  a  aiid  /;  at  right 
angles  to  each  other,  passing  through  the  axis  of  the  pencil  of 
rays.  Let  the  intensity  of  the  polarized  component  a  be  E 
(ciiiittaive  power).  Now  bupposc  that  a  pencil  of  rays,  having  a 
wave-length  c=X,  and  polarized  in  the  plane  a,  falls  through  Uie 
openings  %  and  1  npon  the  body  C*  The  ftactionof  this  pencil 
whioh  is  absorbed  by  the  body  G  is  called  A  (absorptive  power). 

The£L  the  relation  j|  is  independent  of  the  position,  suse,  and 

nature  of  the  body  and  is  alone  determined  by  the  aisecf  tiie 
openmgs  1  and  2,  by  the  wave-length  \  and  by  the  tempera- 
tore.  I  will  point  ottt  the  way  in  which  I  have  proved  this  pro- 
position. I  began  by  considering  that  bodies  are  conceivable 
which,  although  very  thin,  absorb  all  the  rays  which  fall  upon 
them,  or  which  have  the  capacity  of  absorption  =1.  I  call  such 
bodies  perfectly  black ,  or  simply  black.  I  first  investigated  the 
radiation  of  such  black  bodies.  Let  C  be  a  black  body.  The 
body  C  is  supposed  to  be  enclosed  m  a  black  envelope,  of  which 
the  screens  Sj  and  are  a  part,  and  the  two  screens  are  sup- 
posed to  be  connected  by  a  black  surface  surrounding  all. 
Ijflstly,  let  the  o])rniug  2  ijc  closed  by  a  black  surface,  which  I 
will  call  "  suilaee  2/'  The  whole  system  is  to  be  considered  to 
possess  the  same  temperature,  and  to  be  protected  against  loss 

B2 
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of  beat  from  witlioat  by  an  absolutely  non-conducting  medianu 
Under  these  ctrcamstances  the  temperature  of  the  body  C  cannot 

alter;  the  sum  of  the  intensities  of  the  raya  which  it  emits  must 
therefore  be  equal  to  the  sum  of  the  intensities  of  the  rays  which 
it  absorbs;  and  because  it  absorbs  all  those  that  fail  upon  it,  the 
SMFii  of  the  intensities  of  the  rays  it  emits  must  be  equal  to  the 
sum  of  the  intensitu  s  of  the  rays  which  fall  upon  it.  If^  now, 
we  suppose  the  foUn  vinir  change:  The  "surface  2"  is  removed  • 
and  replaced  by  a  circular  minor  which  reflects  all  the  rays  fall- 
ing upon  it,  and  whose  centre  is  in  the  middle  of  opening  1. 
The  equilibriam  of  the  heat  must  still  be  kept  up ;  the  nim  of 
the  rays  which  fall  on  the  body  C  mnat  atill  reuain  equal  to  the 
Bum  of  the  rays  which  it  emits.  But,  as  it  emits  just  as  mneh 
as  befoi€|  the  quantity  of  rays  which  the  mirror  reflects  upon 
the  body  C  mnst  be  eqnal  to  that  which  the  surface  2  emitted* 
The  mirror  produces  an  image  of  opening  1^  which  is  coincident 
with  opening  1.  For  this  reason.  Just  those  rays  come  back  to 
the  body  Cj  after  one  reflexion  from  the  mirror,  as  the  body  C 
would  have  emitted  through  the  openin<^s  1  and  2  if  this  last  one 
had  been  open ;  and  the  intensity  of  these  rays  is  equal  to  the 
intensity  of  the  rays  which  the  surface  2  sent  back  tlironp:li  the 
opening  1.  This  last  intensity  however,  is,  evidently  indepen- 
dent of  the  nature  of  the  body  C  ;  and  hence  it  follows  that  the 
intensity  of  the  pencil  of  rays  which  the  body  C  radiates  through 
the  openings  1  and  3,  is  indepcndcut,  of  the  form,  position,  and 
constitution  of  the  body  C ;  supposing  of  course  that  this  body 
is  blackj  and  that  its  temperature  is  a  given  one.  According  to 
this,  however,  the  qualitative  composition  of  the  pencil  of  rays 
plight  become  different  if  the  body  G  were  replaced  by  another 
black  body  of  the  same  temperature.  This  is,  however,  not  the 
-  case.  If  I  call  e  the  power  of  emission  of  this  black  body  com- 
pared with  a  certain  wavc>length  and  a  given  plane  of  polarisa- 
tion— that,  therefore,  which  I  have  called  E  under  the  suppo- 
sition that  C  is  a  body  of  any  kind— then  c  is  independent  of 
the  nature  of  the  body  C,  if  it  only  be  black.  In  order  to  render 
tliis  evident,  a  further  arrangement  is  necessary.  Into  the  pencil 
of  rays  which  passes  from  the  opening  1  towards  the  surlacc  2, 
let  us  su]»])0se  a  small  plate  placed,  which  is  of  so  slight  a  thick- 
ness that  it  shows  in  the  vi.sible  rays  the  colours  of  thin  plates ; 
let  it  be  so  placed  that  the  pencil  of  ravs  is  incident  at  the  ])ul:ir- 
izing  angle;  let  the  material  of  the  pl.ile  be  so  chosen  that  \i 
neither  absorbs  nor  emits  a  sensible  amount  of  rays;  let  the 
.  envelope  Joining  the  screens  Sj  and  S,  be  so  shaped  that  the 
image  which  the  plate  reflects  of  the  surface  2  lies  in  the  envelope. 
At  the  position,  and  of  the  sise  of  this  image,  let  an  opening  in  the 
envelope  be  made ;  this  I  will  call    opening  8.''   Let  a  screen 
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be  80  placed  that  no  ttraiglit  line  can  be  drawn  from  anv  point 
of  opening  1  to  any  point  of  opening  8  witbont  paaaing  tbrongb 
the  screen .  Let  the  opening  8  be  now  closed  with  a  black  sur- 
face, which  I  will  call  "  surface  8.'^  The  whole  system  is  then 
supposed  to  possess  the  same  temperature;  there  is  therefore  in 
this  case  equilibrinm  as  regards  the  heat.  This  equilibrium  is 
supported  by  rays  which,  proceeding  from  surface  3,  suffer 
reflexion  on  the  plate,  pafs  through  opening  1,  and  fall  on  the 
body  C.  These  rays  are  polanzcd  in  the  plane  of  incidcTice  of 
the  phitc\,  and  contain,  acconling  to  the  thickness?  of  the  plate, 
sometimes  more  of  one,  sometiuies  more  ot  another  kmd  of  ray. 
Let  the  surface  3  be  removed  and  replaced  by  a  circular  mirror 
whose  centre  is  situated  at  the  spot  where  the  plate  reflects  an 
image  of  the  centre  ut  the  opening  1 ;  then  the  lays  emitted  by 
surface  3  will  no  longer  fall  on  body  C,  but  instead  of  tbem 
those  refleeted  fiom  the  mirror  will  fall  upon  it,  and  the  equili- 
brium  of  the  temperature  remains  unchanged.  If  we  reflect  that 
it  does  not  matter  what  thickness  the  plate  possesses,  or  in  what 
position  we  turn  it  round  the  axis'  of  Ihe  pencil  determined  by 
paasing  through  openings  1  and  2,  we  arrive,  by  means  of  similar 
considerations,  at  tne  conclusion  that  the  power  of  emission  of  the 
black  body  C,  considered  with  respect  to  a  given  wave-length 
and  a  given  plane  of  polarization,  is  quite  independent  of  the 
constitution  of  this  bocly.  A  conclusion  which  naturally  arises 
from  this  proposition  is,  that  all  rays  which  a  black  body  emits 
are  completely  unpolarizcd. 

If  wc  imagine  that  in  the  fore«^ing  arrani^ement  the  body 
C  is  not  black,  but  of  any  other  colour,  the  following  equation  is 
found  by  similar  reasoning* — 

'I-  

This  equation  indicates  that  the  relation  between  emission  and 
absoi  jition  remains  constant  for  all  bodies.  The  equation  may 
obviously  be  written 

E=Ae,  (2) 

or 

A=7- W 

I  will  now  notice  some  remarkable  conclosiona  derived  from 

my  proposition.  If  we  heat  any  body,  a  platinum  wire  for  ex- 
ample, gradunll}'  more  and  inorf,  it  Hrdt  emits  only  dark  rays; 
at  the  temperature  at  vrhirli  it  begir?^  to  prlovr,  re  d  rays  begin  to 
appear;  at  a  certam  higher  temperatuie  yeiiow  rays  are  seen; 
then  green  rays,  until  at  last  it  becomes  white-hot,  i.  e.  emits  all 
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the  rays  pnMt  io  lolar  light.  The  power  of  emiiiuni  (£)  of  the 
j^tinuiii  wife  ie  therefore  equal  to  0  for  the  red  rays  at  all  tern* 
peraturea  lower  than  that  al  which  the  wire  begins  to  glow;  for 
yeUow  raya  it  emes  to  be  equal  to  0  at  a  rather  higher  temperai- 
tore  i  for  green  at  a  still  higher  temperattirc,  and  so  on.  Accord- 
ing to  equation  (1),  tbe  emission-power  (e)  of  a  completely  black 
body  must  cease  to  be  equal  to  0  for  rt  il,  yellow,  green,  &c.  rays  at 
the  same  tcmperaturefl  at  which  the  phitinnm  wirr  began  to  emit 
red,  yellow,  p^rcen,  ^c.  rays.  Let  us  now  consider  the  ca^c  of 
any  other  body  whu  li  is  gradually  heated.  Accordiner  tu  c(jua- 
tion  (2),  this  body  must  begin  to  give  off  red,  yellow,  and  green 
rays  at  the  same  temperatures  as  the  platinum  wire.  All  bodies 
must  therefore  begin  to  glow  at  the  sanu"  temperature,  or  at  the 
same  temperature  begm  to  give  off  red,  and  iiL  ihe  same  tcuipci  a- 
ture  yellow  rays,  &c.  This  ia  the  theoretical  explanation  of  an  ei» 
perimeDtalcondoaioQ  obtained  hjr  Draper  thirteen  The 
intenaitj  of  the  raya  of  given  ooKrar  whieh  a  body  radialea  a 
gifen  temperature  majy  however^  he  very  diflbrent^*-«#ooording 
to  equation  (3)  it  it  proportional  to  the  power  of  abaorption  (A). 
The  more  tranaparent  a  body  ii^  the  leaa  luminoua  it  iq>pean» 
Thia  ia  the  naaon  why  gases,  in  oriler  to  glow  visibly,  need  a  tem« 
pemture  eo  much  higher  than  solid  or  liquid  bodiea* 

A  second  deduction  which  I  will  mention  brings  me  back  to 
my  special  subject.  The  spectra  of  all  opakc  glowing  bodies  fire 
continuous  ;  they  contain  neither  bricrht  nor  Hark  lines.  Hence 
we  can  concUulc  that  the  spectrum  of  a  glowuiL:  b/ack  body  (the 
term  being  used  in  the  sense  already  defined)  must  also  be  a  con- 
tinuous one.  The  spectrum  of  an  incandescent  gas  consists,  at 
any  rate  most  frequently,  of  a  scries  of  bright  lines  separated 
from  each  other  by  perfectly  dark  spaces.    If  the  power  of  cmis- 

E 

lion  of  such  a  gaa  be  represented  by     the  relation  -  haa  an 

appreciable  value  for  those  rays  which  correspond  to  the  bright 
lines  of  the  spectrum  of  the  gas,  but  it  has  an  mappreciable  value 
lor  all  other  rays.  According  to  equation  (3),  however,  this 
xdation  ia  equal  to  the  absorptive  power  of  the  incandescent  gas. 
Henoe  it  foUowa  that  the  spectrum  of  an  ineandesoent  gas  vMbe 
the  eomene  of  this,  as  I  expreas  it,  whm  it  is  placed  before  a 
aonroe  of  lig^t  of  siifficient  intensity,  which  gives  a  continuous 
spectrum ;  i.  the  lines  of  the  gaa-spectnun,  which  before  were 
bright,  will  be  seen  aa  dark  lines  on  a  bright  ground.  A  remark- 
able deduction  from  my  proposition  which  I  will  mention  is, 
that,  if  the  more  remote  source  of  hght  is  an  incandescent  solid 
body,  the  temperature  of  thi>^  body  must  be  higher  than  that  of 
the  incandescent  gas  iu  order  that  such  aconversion  of  the  spec- 
trum may  occur. 
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Tlie  Kill  eonnits  of  a  Itunuioiis  avcleiify  wliieliiroiild  by  itaelf 
prodm  a  oootimurat  tpeetninij  and  of  an  iPCMidawpt  gaieoiii 
aftmotphem^  whieh  by  itadf  woold  ^fodnee  a  qwetram  eomuting 
of  an  immenie  nmnber  of  bright  lines  diafaeteristic  of  the  nu- 
merooa  tobatances  which  it  contains.  The  actual  solar  qieotwun 
is  the  converse  of  this.  Were  it  possible  to  observe  the  speoCnun 
belonging  to  the  solar  atmosphere  with  all  its  attendant  bright 
lines,  no  one  would  be  surprised  to  hear  that,  from  the  eziBtenee 
of  the  characteristic  bright  lines  of  sodium,  potassium,  and  iron 
in  the  solar  spectrum,  thr  prcsrncc  of  these  bodies  in  the  sun's 
atmosphere  has  been  ascertained.  According  to  the  proposition 
winch  I  have  just  laid  down,  there  can,  however,  be  just  as  httle 
doubL  concerning  the  truth  of  this  assertion^  as  if  we  saw  the 
real  spectrum  of  the  solar  atmosphere. 

I  will,  lastly,  mention  a  phenomenon  which,  althoup;h  ai)pa- 
rently  trivial,  was  of  peculiar  interest  to  me,  because  1  foresaw  it 
theoretically,  and  afterwards  verified  it  by  experiment.  Accord- 
ing to  theoryi  a  body  which  afaeorbs  moie  rays  pokriied  in  om 
direction  than  in  another,  nraat  also  emit  those  rays  in  die  same 
proportion.  A  ]ilate  of  tonnnaline  out  parallel  to  the  optiesl 
axis  absorbsy  at  common  tempoatores,  more  of  those  rays  falling 
perpendicularly,  whose  plane  of  polaiiiation  is  parallel  to  the  axis 
of  ue  crystal,  than  those  whose  plane  is  atrig^t  anglea  to  the 
axis*  At  temperatures  above  a  red  heat,  tounanaline  also  pos- 
sesses this  same  property^  although  in  a  less  marked  dogree* 
Hence  the  rays  of  light  which  the  plate  of  tourmaline  emits  per- 
pendicular to  it'^  .-..  r-w.,.  iM^st  be  partially  polarized  ;  and,  more- 
over, they  must  be  polarized  m  a  plane  perpendicular  to  the  plane 
of  polarization  of  the  rays  which  have  been  transmitted  by  the 
touriiialiue.  This  theoretical  conclusion  is  borne  out  by  ex- 
periment. 

XXXVIIL  Renuarki  m  Am^lMn  Es^pmnmi  an  the  JZqniMm 
€fulUeiiUnmrEkM4«flCkarrenionit$eff.    By  Mr*  Jakw 

IN  reference  to  Dr.  Forbes's  Notes  on  Ampere's  Experiment 
on  the  Repulsion  of  a  Rectilinear  £lectrical  Current  on 
itself,"  which  appeared  in  the  Fhilosophicsl  Magazine  for  Fe- 
bmaryi  the  following  remarks  may  perbaps  be  acceptable. 

I  have  long  been  under  t^  impression  that  AmyMs  exped' ' 
ment,  althoo^  sncoessfnl^  does  not  prove  the  thm^  intended^ 
namdy»  that  the  diflSerent  paifts  of  a  rectilinear  electrical  current 
are  mntnally  repidsive;  for  the  motion  of  the  wire  is  evidently 

^  Commujiioitcti     the  Autixor. 
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due  to  the  action  of  angular  cimeiits,  and  not  to  a  repulsion  ex- 
isting between  the  current  in  tlie  mercury  and  the  current  ia  the 
branch  of  the  wire  in  the  same  straight  line 

Let  abed  be  th(  wire  floating 
on  the  mercury,  P  tlic  point  where 
the  current  enters  the  mercury,  and  p 
N  the  point  where  it  leaves  it,  after 
passing  througli  the  wire  in  the  di- 
lectiou  indicated  by  the  arrows. 
The  common  explanation  is^  that 
the  movement  oi  the  wire  is  due  to 
there  being  in  each  of  the  branches 
a  b  and  e  d,  separately,  a  repulsion  between  the  current  which  tra- 
verses them,  and  the  current  that  is  transmitted  into  the  mercury 
before  penetrating  into  the  wire  or  after  going  out  from  it ;  and 
as  the  current  of  the  mercury  and  that  of  the  wire  arc  only  the 
prolongation  of  each  other  in  a  right  line,  this  is  considered 
sufficient  proof  that  the  one  part  of  the  rectilinear  conent  repels 
the  other  part. 

The  followiii!:::  is,  linwcvcr,  I  tliink,  the  true  explanation.  The 
current  V  a  in  tlie  mercury  is  at  right  angles  to  the  current  he 
in  the  cro>s  part  of  the  wire.  The  former  current  is  directed 
towards,  and  tlic  latter  current  from  tiie  summit  of  the  angle 
ah  c  ioi'uied  by  them.  Now,  according  to  Ampere's  well-known 
law  of  angular  currents,  the  i\v»>  currents  will  iepel  each  other. 
In  this  case  the  current  b  c  being  the  moveable  one,  it  will  of 
course  recede;  maintaining  a  position  parallel  to  itself.  This 
erosB  curreiit.  ^  e  is  also  at  nght  angles  to  the  eorrent  N  d 
on  the  other  side  of  the  glass  partition;  the  former  moving 
towards,  and  the  latter  from  the  summit  of  the  angle  bed 
formed  by  them.  These  two  currents  for  the  same  reason  will 
repel  each  other.  The  combined  influence  of  the  currents  V  a 
ahd  N  in  the  mercury  will  be  to  cause  the  cross  section  of  the 
wire  which  is  at  right  angles  to  them  to  recede,  maintaining  a 

C'tion  parallel  to  itself.  It  follows,  therefore,  according  to  the 
of  angular  currents,  that  Ampere's  experiment  must  be  suc- 
cessful;  but  then  its  success  does  not  })rnvL  that  the  parts  of  a 
rcctiUnear  electrical  current  arc  repulsive  of  each  other,  but 
simply  that  a  moveable  current  at  right  angles  to  a  fixed  one  is 
repelled  when  the  one  current  is  directed  towards,  and  the  other 
from  the  summit  of  the  angle  fonncd  by  these  two  currents. 

It  would  appear  iVuni  JJr.  i  oibcs's  experiments,  that  the  dif- 
ferent sections  of  a  rectilinear  cur^pnt  are  mutually  attractive ; 
not  repnlsivc,  as  is  generally  supposed.  To  remove  aa  much  as 
possible  all  resistance  to  the  motion  of  the  wire,  and  also  to  sim- 
plify the  conditiona  of  the  experim<9it,  instead  of  floating  the 
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nio\  cable  wire  upon  mercnn',  he  placed  it  upon  one  of  the  arms  of 
a  delicate  torsion  Ijalaiicc.  The  ends  of  the  moveable  wire  were 
made  to  bear  slightly  against  the  extremes  of  the  two  wires  in 
connexion  with  the  poles  of  the  pile.  When  the  current  was 
establiahecl,  the  moveable  wire  placed  npon  the  balance  was 
attracted  by  the  wires  proceeding  from  the  pile,  and  not  repelled 
as  in  the  case  of  Ampere's  experiment;  and  the  stronger  the 
current,  and  the  more  complete  the  contact  of  the  ends  of  the 
wires,  the  greater  the  attraction  was  foond  to  be* 

There  is  one  objection  which  ma^  be  urged  against  the  con- 
clusiveoesa  of  the  experiment.  It  is  well  known  that  the  ends 
of  two  wires  connecting  the  poles  of  a  voltaic  pile  before  they 
are  brought  into  contact,  are  staticnlly  chrirfrrd,  the  oue  with 
positive,  and  the  other  with  negative  clccii  icity,  the  intensity  of 
the  charge  depending  upon  the  force  of  the  ])ile.  Now  it  is  evi- 
dent that  these  two  wires  beiug  charged  with  different  electri- 
cities, must  attract  each  other.  It  is  evident  also  that,  however 
close  the  two  ends  of  the  wires  may  be  brought  together,  unless 
they  aie  in  absolute  contact  in  every  part,  a  thing  impossible 
without  soldering  the  ends  together,  the  current  will  not  pass 
from  the  extremity  of  the  one  wire  to  that  of  the  other  through  the 
intermediate  space,  which  is  almost  non*condacting»  unless  there 
is  an  excess  of  positive  electricity  on  the  one  wire  and  of  ne^tive 
on  the  other ;  and  the  more  so,  considering  the  low  tension  of 
voltaic  electricity.  This  being  the  case,  the  ends  of  the  conduct- 
ing wire  and  those  of  the  moveable  branch  will  always  be  charged 
with  difiimit  quantities  of  electrictW,  and  hence  attraction  will 
be  the  consequence;  yet  one  would  suppose  that,  unless  the 
current  is  in  reality  self-attractive,  the  attraction  arising  from 
this  cause  would  not  be  able  to  overcome  the  repulsion  which 
must  ensue  from  the  action  of  angular  currents  just  considered. 

There  is  one  objection  to  the  common  notion  that  the  parts  of 
a  rectilinear  current  are  mutually  repulsive,  that  I  have  never 
seen  adduced,  which  is  as  tuliows  :  It  results  from  a  law  of  Ohm, 
which  has  been  confirmed  experimentally  by  Kohlraiisch,  that  in 
the  conductor  connecting  the  poles  of  a  voltaic  pile,  while  the 
current  is  circulating,  di&rent  sections  of  the  conductor  are  dif- 
ferently charged.  In  any  part  of  the  conductor  whatever,  a 
section  taken  towards  the  positive  pde  is  always  positive  in  rda- 
tion  to  a  section  taken  towards  the  negative  pole ;  and  vice 
vend,  a  section  towards  the  negative  pole  is  negative  in  relation 
to  any  section  taken  towards  the  positive  pole.  It  follows  from 
this  that  the  different  sections  of  the  current  must  attract  each 
other. 

The  difference  of  the  tension  of  any  two  sections  depends  upon 
the  resistance  to  conduction ;  that  is  to  say,  the  force  by  which 
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•ny  two  lections  of  the  eurent  attract  each  other  when  the  enrrant 
is  paanng,  it  ilways  as  the  amount  of  the  reeiitmce  which  oppoeee 
this  attraction.  The  attiactioii  mvst  always  exceed  the  miit- 
anee,  or  else  there  can  be  no  current.  What  does  all  this  mean 
if  we  do  not  admit  that  the  aeetioiia  of  the  current  mutually 
attract  each  other  ? 

The  same  difference  of  electric  state  exists  in  the  various  sec- 
tions of  the  pile  itself;  for  we  kuow  that  there  is  alway^^  an  ex- 
cess of  positive  electricity  at  the  one  pole,  and  of  negative  at  the 
other,  and  these  electricities  must  tend  to  unite  through  the  pile  . 
itself.  But  there  is  opposed  to  the  attractive  force  of  the  elec- 
tricities for  uniting,  not  only  the  resistance  in  the  pile  itself,  but 
alao  the  eleetromotive  finoe  w\ash  deoomposea  the  eleotncity. 
Tfaia  electiomotive  fofoe  muat  alwave  eioeed  the  attxaction  of  the 
eketrieitiea:  thia  muat  be  admittea ;  for  unleaa  the  fovea  which 
aeparatea  the  eleetrieitiea  ia  greater  than  the  attraetiFe  &m 
whteh  tenda  to  unite  themj  thm  eould  be  no  deeompoaition  of 
the  electricity,  and  of  oottrae  no  enxrent. 

In  the  pile  itaelf  there  are  two  forces — one  tending  to  unite 
the  ?ariotu  aeetbns  of  the  current,  and  the  other  tending  to 
separate  them ;  the  latter  force  being  the  strongest,  the  sections 
of  the  current  in  the  pile  will  mutually  repel  each  other.  In  the 
external  ronductor  which  unites  the  poles  of  the  pile,  thu  hitter 
force  has  no  existence ;  hence  the  various  sections  of  the  current 
in  the  conductor  are  mutually  attractive.  By  virtue  of  the 
repulsion  in  the  pile  and  the  attraction  in  the  conductor,  the 
electricity  decomposes  in  the  forjiiur  aiul  unites  in  the  lattery  and 
this  constitutes  what  we  call  an  tk-ctnc  currcut. 


XXXIX.  On  Theories  of  Maanetim  and  other  Foreei,  m  reply  to 
Remarks  by  Professor  Maxwell.  J,  Challis,  F.R.S.y 
F»R.A,S,,  Plumian  Professor  of  Astronomy  and  B^ptrimmtal 
PkUMopkjf  in  the  Umoereity  of  Cambridge*^ 

IN  an  article  on  "Molecular  Vortices  applied  to  Magnetic 
Phenomena,''  contained  in  the  March  Numhcr  of  the  Phi- 
loaophieal  Magazine,  Profeaaor  Maxwell  haa  made,  respecting 
certain  pointa  of  the  general  physical  theory  which  I  have  lately 
proposed,  some  remarka  which  call  for  a  reply.  I  refer  chiefly 
to  two  paragraphs  m  p.  168,  the  first  of  whien  ia  as  jfolbwa>-> 
''Gwxenta^  iaauing  from  the  north  pole  and  entering  the  aouth 
pole  of  a  magnet,  or  oirculating  round  an  electric  current^  have 
the  advantage  of  repreaentinf^  oorreetlv  the  geometrical  ammge- 
ment  of  the  lines  of  force,  if  we' could  account  for  the  pheno* 

*  Coaminnifflited  by  the  Author. 
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menA  of  attvMtion*  or  for  the  eomntt  themselmi  of  eipl«m 
tboir  continued  existence/'  The  generation  of  sueh  currents  I 
lutve  expkuned  on  hydiodyiuunical  principles  in  my  theories  oC 
galvamtm  and  magiiotMiiiy  m  also  in  that  of  eloekmty.  They 
are  shown  to  be  Kemdasry  eomnts,  which  are  always  produced 
when  a  uniform  primary  current  traverses  a  medium,  in  which 
there  is  a  gradation  of  deusity,  such  as  that  which  must  exist 
fruiii  the  t(jj)  to  the  bottom  of  a  heavy  mass  resting  on  a  hori- 
zontal plane,  in  order  that  the  force  of  p^ravity  on  the  individual 
particles  may  be  counteracted.  The  pnmanj  currents  are  ascribed 
exclusively  to  motions  of  the  aether  caused  by  the  rotations  of 
the  earth  and  of  the  other  budici  of  the  soUir  system  about  their 
axes.  As  this  is  a  constant  cause,  the  streams  arc  constant. 
The  retention  of  an  induced  atate  oif  gradation  of  density  from 
end  to  end^  ia  considered  to  be  the  diatinetivc  property  ol  a 
mappaetiied  bar.  The  observed  attraetiona  and  repnlabna  are 
aatu&ctorily  accounted  for  by  the  variation  of  the  fluid  preaanra 
from  point  to  point  of  space  in  the  aecondary  cmrenta  considered 
as  instances  nf  steadv  motbn,  sndi  variation,  together  mth  the 
dynamical  effect  of  the  currents,  producing  differences  of  pres- 
sure at  different  points  of  the  surfaces  of  the  atoms  of  which 
the  substances  attracted  or  repelled  arc  supposed  to  consist. 
Thus  the  three  explnnatinns  which  Professor  Maxwell  ronsiders 
to  be  requisite  respecting  currents  to  which  the  phenomena  of 
galvanism  and  magnetism  are  attributed,  are  in  fact  given  by 
my  general  theory  quite  consistently  with  its  original  hypotheses. 

The  other  paragraph  commences  thus : — Undulations  issuing 
from  a  centre  would,  according  to  the  calculations  of  Professor 
Cballis,  produce  an  effect  similar  to  attraction  in  the  direction 
of  a  centre."  I  consider  that  both  central  attraction  and  central 
xq>uIsion  are  accounted  for  by  my  calcnlationa.  Phifcssor  Max* 
well  then  adduces  the  following  objection  t-^**  Admitting  this  to 
he  tru^  we  know  that  two  series  of  undulations  traversing  the 
same  space  do  not  combine  into  one  resultant  as  two  attraetiona 
do>  hut  produce  an  effect  depending  on  relations  of  phase  aa 
well  as  intensity This  point  I  have  considered  in  articles  2 
and  5  of.  the  Theory  of  Gravity  contained  in  the  Philosophical 
Magazine  for  December  1851).  There  is  no  limitation  m  to 
the  function  W,  which  expresses  the  velocity  or  condensation  of 
the  rrthcrial  waves,  excepting  that  it  must  either  be  a  single 
circular  function,  or  consist  of  the  sum  of  several  such  functions. 
Let  it  in  general  be  represented  by  S  .  in  sni  {bt-{-c)»  Then,  ac- 
cording to  the  theoretical  calculation,  the  motion  of  translation 
given  to  au  atom  in  the  direction  of  the  proj)a^atiou  of  the 
wavca,  that  is,  liie  repulsive  aciiun,  depends  on  tiie  non-periodic 
part  of  the  s^puwe  of  this  function^  the  quantity  which  I  have 
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called  q  being  in  tiiis  case  intigiiificast*  Now,  whatever  be  the 
phases  of  the  several  component  fonctions,  the  non-periodic  part 
of  the  square  of  Aeir  sum  is  equal  to  the  sum  of  the  non-periodic 
parts  of  the  squares  of  the  separate  functions.  In  the  case  of 
attractive  action,  according  to  the  investigation  given  in  the 
Mathematical  Theory  of  Attractive  Forces  contained  in  the  Phi* 
losophical  Magazine  for  November  1859,  the  motion  of  trans- 
lation depends  on  the  value  of    and  on  the  product  of  W  and 

But  it  is  easily  seen  that  if  W  have  the  form  above 

assigned,  t"he  non-periodic  part  of  tl.e  product  for  the  sum  of 
the  terms  is  the  sum  of  the  non-pei  iodic  p:irf<^  of  the  products 
for  the  component  terms  taken  separately,  mdepcudcntly  of 
their  phases.  In  short,  as  we  arc  only  concerned  with  squares 
of  circular  functions,  the  mutual  intci  I'nenccs  by  difference  of 
phase  do  not  come  under  considcraUou.  On  this  account  the 
dyiianiical  eflPects  of  two  scries  of  undulations  from  separate 
sources,  take  place  independently  of  each  other,  and  combine 
according  to  the  laws  of  the  composition  of  acoderatiye  forces. 
To  the  additional  objection,  that,  ^  if  the  series  of  undulations  be 
allowed  to  proceed,  they  diverge  from  each  other  without  any 
mutual  action/'  I  can  make  no  reply^  because  I  do  not  under- 
ttand  it.  I  can  only  conclude  that  it  was  written  under  some 
misapprehension. 

Professor  Maxwell  goes  on  to  assert  that  ''the  mathematical 
lawB  of  attractions  are  not  analogous  in  any  respect  to  those  of 
undulations/^  In  making  this  assertion  he  must  surely  have 
overlooked  the  very  remarkable  analoj^ics  exhibited  bv  the  facts, 
that  undulation*?,  like  central  forces,  diverge  from  a  centre,  and 
diminish  in  intensity  according;  to  some  law  of  the  distance. 
£ach  body  in  the  universe  on  which  a  series  of  undulations  is 
incident,  becomes  a  centre  of  minor  undulations,  just  as  when 
waves  on  the  surface  of  water  entountt  t  an  insulated  obstacle, 
the  obstacle  becomes  a  centre  of  buborJinate  waves.  The  con- 
tinuous generation  of  subordinate  undulations  corresponds  to 
the  maintenance  of  the  gravitating  power  of  the  body. 

Perhaps,  however^  the  assertion,  although  it  is  not  limited, 
was  intended  to  apply  only  to  such  attractions  as  are  observed 
in  a  magnetic  field.  If  so,  it  is  in  accordance  with  my  general 
theory,  which  makes  a  distinction  between  attractions  and  repul- 
sions by  means  of  undulations,  and  attractions  and  repulsions  due 
to  currents.  Electric,  galvanic,  and  magnetic  forces  are  of  the 
latter  kind.  But,  while  it  is  admitted  that  the  laws  of  these 
forces  "have  remarkable  analogies  with  those  of  currents,"  I 
should  not  say  that  they  are  analogous  '*to  tlie  Ir^ws  of  the  con- 
duction of  heat  and  electricity,  and  of  elastic  bodies,"  because. 


Digitized  by  Gopgle 


tmd  other  Forea,  258 


according  to  the  views  which  I  maintain,  these  are  phenomena 
ivhich  ultimately  may  receive  explanations  by  means  of  stherial 
undulations  ana  ennents^  and  therefore  ought  uot  to  be  put  in 
the  nme  ctti^ry* 

Am  the  article  I  have  been  veferring  to  eontams  a  theory  of 
magnetic  phenomena  wholly  different  from  that  whieh  I  rare 
advanced,  it  may  be  worth  while  to  point  out  a  difoenoe  in 
principle  between  the  fundamental  hypotheiea  of  the  two  theories* 
Professor  Maxwell  assnmes  the  existence  of  a  magnetic  medium, 
which  is  not  fluid,  but "  mobile/'  and  which  acts  abng  lines  ef 
magnetic  force  by  stress  combined  with  hydrostatic  pressure ;  in 
other  words,  there  is  greater  pressure  in  tlie  equatorial,  than  in 
the  axial,  direction  of  the  magnetic  field.  To  account  for  this 
difference  of  pressure,  it  is  assumed  that  "molecular  vortices'* 
circulate  about  axes  parallel  to  the  lines  of  magiietic  force.  Why 
they  are  called  "  molecular"  is  not  expressly  stated  m  this  arti- 
cle; but  it  may  be  gathered  from  other  of  the  author^s  writings, 
that  he  conceives  the  matter  of  the  vortices  to  consist  of  mole- 
cules which  by  their  motions  may  come  into  collision,  the  result* 
ing  dynamic  effect  depending  on  the  number  and  frequency  of 
sueh  collisions.  It  is  not  my  intention  to  criticise  these  hypo- 
thesesi  which  have  been  adduced  merely  for  the  sake  of  remarking 
that,  as  they  are  of  a  particolar  character,  and  have  been  firamel 
anpaiently  with  special  reference  to  observed  laws  of  magnetic 
pnenomena,  the  results  of  a  mathematical  investigation  founded 
on  them  can  hardly  amount  to  more  than  an  empirical  expression 
of  those  laws.  After  all  that  can  be  done  by  this  kind  of  re- 
search, an  independent  and  h  priori  theory  of  the  same  kind  as 
that  which  I  have  proposed,  if  not  the  very  one,  h  still  needed. 

The  hypotheses  on  whieh  my  investigations  liav*;  been  founded 
arc  these  only.  The  physical  forces  ai*e  n^odcs  uf  action  of  the 
pressure  of  the  jethcr,  which  is  a  continuous  tiuid  medium,  hav  ing 
the  property  oi  pressing  in  proportion  to  its  density,  and  filling 
all  space  not  occupied  by  the  diseietc  atoms  of  sensible  bodies, 
which  atoms  arc  inert,  spherical,  and  of  different,  but  constant, 
magnitudes.  It  may  be  remarked  that  these  hypotheses  indude 
no  ideas  that  are  not  intelligible  by  sensation  and  experience, 
and  therefore  conform  to  the  rule  of  philosophy  according  to 
which  our  knowledge  of  nataral  operations  must  ultimately  rest 
on  such  ideas.  Also  they  are  strictly  related  to  antecedent  and 
existing  physical  science.  The  prominent  terms,  ather  and  atam, 
which  had  their  origin  in  ancient  speculations,  have  obtained  re- 
markable significance  in  modern  science, — the  first,  by  explana- 
tions of  tlic  phcnomenfi  of  light,  and  the  other,  by  aiding  us  to 
coiuxMvc  of  chemical  analyses.  The  hypotheses  under  the  above 
form  are  mainly  due  to  Newton,  who  gave  a  detinitioa  of  atoms. 
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md  tnggeated  the  dynamic  action  of  the  eetber;  but  the  state  of 
mathematics  in  his  day  did  not  allow  of  investigating  the  conse- 
qnences  of  the  latter  idea.  In  attempting  to  do  this  in  the  pre- 
sent advanced  state  of  mathematics^  I  hare  only  added^  for  that 
purpose,  to  the  Newtonian  hypotheses,  an  exact  definition  of  the 
aether,  and  the  supposition  tliat  the  atoms  are  spherical.  In  the 
first  instance  1  applied  the  hypotheses  as  a  foundation  for  a 
theory  of  light,  having  loner  since  seen  that  the  tlicoi y  which 
proposes  to  account  for  tlic  plKnomenaof  light  by  the  oscillations 
of  the  discrete  atoms  of  a  medium  having  axes  of  elasticity,  is 
contradicted  by  facta,  and  must  therefore  be  abandoned.  This 
chaige  1  have  brought  against  it  in  an  article  on  elliptically 

Solarized  light  in  the  Philosophical  Magazine  for  Apru  1859 
p.  288) ;  and  it  has  found  no  defender.  When  this  first  appli- 
oadon  was  madsy  I  had  no  ooneeption  of  any  modes  of  applying 
the  same  hypotheses  to  explain  Uie  phenomena  of  gravity,  dee- 
trieityi  plvanism,  and  magnetism.  If  they  are  found  to  admit 
of  appheations  so  varied  and  extensive,  the  en>lanations  are  no 
loiaget per- f! final,  the  hypotheses  themselves  eipiain,  because  thej 
are  true.  The  only  advantage  I  pretend  to  possess  in  these  re«* 
searches  is,  the  discovery  of  the  true  principles  of  the  application 
of  partial  diflfercntial  equations  to  determine  the  motion  and 
pressure  of  an  clastic  fluid.  But  this  kind  of  reasoning,  though 
it  is  indispensable  for  the  establishment  of  the  truth  of  the 
general  physicnl  theory,  may  be  tried  on  its  own  merit?,  quite 
independently  of  its  application  in  that  theory.  For  this  reason 
I  expressed  the  intention  of  cari'lully  l  evisiug  the  proofs  of  the 
propositions  in  hydrodynamics  wliich  have  been  ahcady  enun- 
ciated in  this  Jounial,  and  the  results  of  which  have  been  applied 
in  the  physieal  theory.  But  my  occupations  do  not  allow  of 
entering  on  this  task  at  present. 

Cambric^  Observatory, 
UmiA  16, 1861, 


XL.  On  certain  peatUar  Fsrm  of  CnpUlary  Action, 
By  Thomas  Tati^  E^q.* 

LIQUIDS  rise  in  small  tubes  by  what  is  cslled  capillary 
action^  that  is^  by  the  cohesion  of  the  particles  of  thie 
liquid  for  one  another,  aa  well  as  by  their  adhesion  to  the  sides 
of  the  tube.  It  has  been  ascertained  that  the  height  to  whieh  a 
liquid  is  raised  by  capillary  action  varies  inverady  as  the  dia* 
meter  of  the  tube.  The  chief  object  of  this  paper  is  to  deter- 
mine, by  direct  experiment^  the  law  of  capillary  resistance  exerted 

*  Commuuicated  by  the  Author. 
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hv  a  liquid  filling  small  orifiees  or  perfonlMnii  mado  ia  rigid 
plates  of  different  thickneiMes. 

Let  A  C  represent  a  wide  glass  tnbe,  closed  at 

the  top^  and  having  a  perforated  plate  E  e,  capable 
of  bciii:^  wetted,  cemented  to  its  lower  extremity 
EB  a  glass  tube,  about  half  an  inch  in  diameter, 
cemented  to  this  pkte^  open  at  its  lower  extremity, 
and  communicatmg  with  the  tube  AC;  e  a  small 
perforation  made  in  the  plate;  D  B  a  glass  vessel 
containing  water  or  any  other  liquid  to  be  ex- 
amined. The  tube  EB  is  graduated  from  the 
exterior  aurfaoe  of  the  plate  into  inehee  and 
decimal  parte  of  an  indi.  The  tabea  bein^  filled 
with  water^  and  the  exftremity  B  inierted  in  the 
water  contained  in  l^e  veaael  BB,  it  will  be 
found  that  the  orifice  e  may  be  raised  for  some 
inches  above  the  level  F  D  of  the  water  in  the 
?eaael  before  the  atmospheric  air  wiU  enter  the 
orifice.  The  height  C  D,  at  which  the  externa) 
air  enters  the  orifice,  obviously  gives  us  the  measure  of  the  ca- 
pillary resistance  of  the  liquid  in  the  ontice.  The  following 
results  of  exy)eriinent8  ahow  that,  tlic  temperature  being  constant, 
the  height  of  the  column  CD^  measur  111^2;  the  capillary  resistance 
of  the  liquid,  varies  inversely  as  the  diameter  01  the  orifice. 

The  experiments  recorded  in  the  following  Table  of  results, 
were  made  with  the  ap])aratus  represented  in  fig.  1.  The  orihces 
were  made  in  plates  oi  gutta  percha  by  means  of  fine  steel  wires, 
whose  diameters  had  been  previously  determined.  Slight  oscil- 
lations and  other  extraneons  canses  havine  been  found  to  affect 
.  the  results  of  the  experiments,  each  result  here  given  is  the  mean 
of  five  ezperimeDts. 

Table  of  results  of  experiments  giving  the  columns  of  capillary 
resistance  corresponding  to  afferent  diameters  of  the  orifices. 

The  liquid  was  water  at  the  temperature  of  56^  F.j  and  the 
tliiekttess  of  the  plate  was  *06  of  an  inch. 


Diameter  of  the 
orifice  in  putt 

Correnp.  culuinn 
CD  of  capUlary 

Value  of  h 
hf  formul* 

D 
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1-ao 

1-at 

1*8« 
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The  near  ooincidenoe  of  the  results  of  the  second  and  third 
oolamns  sliowi  that,  otJier  things  beitig  ike  tume^tbe height  9/ the 
column  C  D,  meaturing  the  a^^Ularp  reektanee,  variee  meereefy  a$ 

the  diameter  of  the  orifice. 

The  column  of  rcsistanco,  CD,  is  Hlinrlitly  affected  by  the  thick- 
ness of  the  plater  thus  with  a  half  tlnckness  of  plate,  and  with 
an  orihce  of  ^jth  of  an  inch^  the  height  of  this  coioom  was  found 
to  be  3  inches  nearly. 

The  number  of  perioratious  made  m  the  pkte  does  not  affect 
the  results. 

An  increase  of  temperature  sensibly  reduces  the  height  of  the 
column  C  D :  thus  at  the  temperature  of  84?°,  with  an  orifice  of 
^yth  of  an  inch,  this  colimm  was  found  to  be  about  f\fth  of  an 
uieh  leaa  than  it  was  at  the  temperature  of  56*^. 

The  column  of  capillary  reautance,  C  for  viaeoiis  Uqmdtf 
anch  as  diluted  aolutiona  of  gum  and  aiigar^  was  fonnd  to  be 
considerably  greater  than  the  corresponding  column  for  water. 

Let  the  tube  £B  (fig.  2),  closed  at  the  top  by  the  perforated 
plate  E^,  be  depressed  in  the  liquid,  the  orifice  e  being  wet;  it 
will  be  found  that  the  liquid  will  not  rise  in  the  tube  to  the  same 
level  as  the  liquid  in  the  vessel :  the  column  of  depression  CD, 
in  this  case  measuring  the  capillary  resistance  under  the  same 


Fig.  3. 
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circumstances,  is  nearly  equal  to  the  elevation  of  the  column  C  D 
of  fig.  1.  Here  the  resistance  is  simply  due  to  the  film  of  liquid 
filling  the  orifice  e.  It  is  scarcely  necessary  to  state  that,  when 
the  orifice  e  is  dry,  or  nearly  dry,  the  liquid  will  rise  in  the  tube 
to  the  vsame  level  as  the  liquid  in  the  vessel  E  B. 

In  like  manner,  if  the  tube,  partially  filled  with  liquid,  be 
raised  as  represented  in  fig.  3,  it  will  be  found  that  the  liquid 
will  stand  in  the  tube  some  distance  higher  than  the  level  of  the 
liquid  in  the  vessel.  The  column  of  elevaiton,  C  D,  in  this  case 
measures  the  capillary  resistance  to  ilic  prc8sui*e  of  the  external 
air. 
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If  the  tube,  completely  filled  with  liquid,  be  raised  as  repre* 
sented  in  fig*  4,  it  will  be  found  that  the  liquid  will  stand  in  the 
tntie  some  mstanee  higher  than  the  level  of  the  liqoid  in  the 
Tessd.  The  column  of  elevation  C     measuring  the  eapillary 

action,  was  found,  under  the  same  circamstances,  to  be  nearly  the 

same  as  in  the  precedinc^  cases.  Here  the  capillary  action  is 
restricted  to  the  orifice  of  the  tliln  ])latCj  the  diameter  of  tlie 
tube  E  B  with  which  the  experiinent  was  performed  being  about 
one  inch.  This  experiment  strikingly  shows  that  the  height  of 
the  column  iiicasuring  capillanj  action  for  any  given  liquid  at  a 
constant  tcmjM-.raiure  depends  (chirll}-,  if  not  entirely)  upon  the  dia- 
meter of  tlmi  portion  of  the  tube  immediately  in  contacL  with  the 
upper  surface  of  the  liquid, 

March  18,  1861. 


XLL  On  a  Theorem  of  Abel's  relating  to  EquatumB  of  the 
Fifth  Order.   By  A.  Caylby.  Esq.* 

THE  following  is  given  (Abel,  (Ewwes,  vol.  xi.  p.  268)  as  an 
extract  of  a  letter  to  M.  Crelle : — 
"  Si  une  ^nation  da  cinquieme  degre,  dont  les  coeffieienis 
sont  des  nombres  rationnek,  est  r^olublealg^briquement^  on  pent 
donner  aux  racinea  la  forme  suivantc, 

ou  * 

tf=i»  +  n\/r+e*-i-  V  /i  ^1 4-    +  V  i  +  e^), 

Cj=: m  -i-  n  V  i  +    — V  h{i  +  e-^ .+    i  -j-  e^), 

A  =K  +  K'tf  4-K%  +  K"aff3,  A^^K  +  K'a^-{.K"as'hK'\a^, 
A«=K+K'«8+K"a  +K!'aa^   A8«K+K'fl8+K"ii,  +  K"Va. 

Jjes  qnantit&i  e,  h,  e,  m,  n,  K,  K',  K",  K'"  sont  des  mmbru 
ratianneb. 

"Maia  de  cette  mani^  F^uation  «^-i-aa7+isO  n'cst  pas 
r^luble  tant  ^ne  a  et  6  sont  des  onantit^s  quelconques.  J'ai 
tronv^  de  pareils  theorcmcs  pour  Ics  equations  du  7*^,  11*^, 
•  13*"*,  &c.  degr€.    Fribourg,  le  14  Mars,  1826." 

The  theorem  is  referred  to  by  M.  Kronecker  (Berl,  MomtA. 
June  20,  1853),  but  nowhere  else  that  I  am  aware  of. 

It  is  to  be  noticed  that  in  the  expreasiona  for  a,  a|>  the 

*  Communicated  by  the  Author. 
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jadioab  aie  loch  that 

a  ntional  number. 

llie  theoiem  u  giren  as  belODging  to  muncrical  equations ; 
bnt  coDBidemg  it  as  belonging  to  Uteral  equations^  it  will  be 
oonvenieiit  to  change  the  notation ;  and  in  thii  point  of  view^ 
ind  to  ftvoid  tntfSzes  and  accents^  I  write 

where  

as=m+»v/S + \4?  +  ?  v^B, 

the  radicals  being  connected  by 

aiid  where 

A=;K-|-L(i  +  My+N«y,   B=K+I^-f MS+N/Sa, 

in  which  equations  6,  m,  n,  p,  g,  B,  K,  L,  M,  N  are  rational 
functions  of  the  elements  of  the  given  q  a  in  lie  equation. 

The  basis  of  the  theorem  is,  that  the  expression  for  a:  has  only 
tlic  Jive  \  alucs  which  it  acquires  by  giving  to  the  quintic  radicab 
,  contained  in  it  their  five  several  vJtae^  and  does  not  accjuirc  any 
new  value  by  aubstituting  for  the  qnadratie  radicals  their  several 
values.  For,  this  being  so,  9  will  be  the  root  of  a  rational  qnintie  ; 
and  conversely. 
Now  attending  to  the  equation 

the  different  admissible  valuea  of  the  radicals  are 
ooneaponding  to  the  systemt 
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m,  fi,  y,  B 
A   7*   ^1  « 

y»  ^»  ^  0 

a,    fi,    y,  B 

of  the  roots  a,/5,y,B;  i.  e.  the  efifect  of  the  alteration  of  the 
values  of  the  quadratic  radicals  is  merely  to  eydicaUy  permiite 

the  roots  a,  /9,  y,  h ;  and  observing  that  any  such  cyclical  per- 
mutation 2:ives  rise  to  a  like  cjTlical  permutation  of  A,  C,  D, 
the  alteration  of  the  quadratic  radicals  produces  no  alteratioii  in 
the  expression  for  x. 

The  quantiiR.s  «,  /3j  7,  S  are  the  roots  of  a  rational  quartic* 
If^  solving  the  quarcic  by  Euler's  method^  we  write 

«s:0i+\/F+\/9+\/B^     \/F6Ussfj  ft  ntioiud  fonetion, 

i^sm-  V  F + V    -  vH 

«=m-vlP— n/G  +  V  H, 

then  the  expresuou  for        H  in  tenne  of  the  roots  axe 

whieh  are  the  roots  of  a  eobio  equation 

tt^ — Xu* + fttt — = 0, 

whiivQ.  X,  fi,  V  are  i^riven  rational  functions  of  the  coefficients  of 
the  quartic.  We  have 

So  that,  taldng  6  s  F»  the  last-mentioned  expressions  for  a,fi,y,B 
will  he  of  the  assumed  form 

«asm+\/&+v5+yV'e;  &e. 

The  equation 

thus  becomes  _   

v/Fv'(G-H)«=*,  or  F(G-H)«=««; 

that  is. 

-P+F{F«+G«+H«)-2PGHaff«; 

82 
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Hence  in  order  that  the  toots  of  the  qnartie  may  be  ol  the 
aasvuned  fomij 

whei:e  m,p,  g,  B  are  ratioualj  aud  whei-e  aLso 

's/^y/p'i-q^/S^p—q^^^s,  a  rational  function, 

the  necessary  and  sufficient  conditions  are  that  the  qnartieahoakl 
be  soch  that  the  reducing  enbic 

(wliosc  roots  are  (a-f /3— 7— S)*,  (a -|-y  — /9  — S)',  (a -f  0— /S  —  y)*) 
may  have  one  rational  root  B,  and  moreover  that  the  function 

shall  be  the  square  hfa  raiunudjuneiion  9,  This  being  so,  the 
roots  of  the  quartic  will  be  of  the  assumed  form. 

And  from  what  precedes^  it  is  dear  that  any  fonetion  of  the  roota 
of  the  quartic  which  remains  unaltered  by  the  i^cHcal  substitu- 
tion mfiyB,  or  what  is  the  same  thing,  any  function  of  the  form 

^(«,     y,  8)  +  ^O,  r,     a)  +  4>{y,  a,  «,  )9)  +  <t>(B,  «,  A  y) 

will  be  a  rational  function  of  m,  0,  jJ,  q,  s,  and  conseqnpDtly  of 
the  cnpfficif'Tits  f)f  tlir  quartic.  The  above  are  tlic  conditions  in 
order  tliat  a  quartic  equation  may  be  of  the  Abelian  form. 

It  may  be  as  well  to  remark  that^  assuming  only  the  system 
of  equations 

7=:7«  +  \/H-\/T, 

then  any  rational  function  of  a,  fi,  y,  S  which  remains  unaltered 

by  the  cyclical  substitutiou  a^yS  will  be  a  rational  function  of 

e,  T+r,  TT,  s/fV{r-~V),  ^W){t-V),  \/h  \/f r.  in 

fact|  suppose  such  a  funcLioii  contains  the  term 
then  it  will  contein  the  four  terms 
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(  v'e)"(  v  t)'(  s/vy. 

(  v'e)•(-^/T)''(-^/f^)^ 
which  together  are 

an  qnttcmion  which  vanishes  nnless  )^  {—Y  are  both  posi- 
tiTe  or  both  negative.  The  Ibrms  to  be  considered  are  therefore 

(-)%  (-)^  (-y 

+  +  + 
-  +  + 
+    -  - 

The  iirst  form  is 

which,  a,  ^,  y  be  ing  eaeh  of  them  eveoj  is  a  rational  function 
of  e,  T+T',  TT'. 
The  second  form  is 

which,  «  being  odd  and    and  7  each  of  them  even,  is  the  pro- 
duct of  such  a  function  into  y/ ^(T— T^- 
The  third  form  is 

which,  a  being  eren  and  ^9  and  y  eadi  of  them  odd,  ia  the  pro* 
duet  of  sudb  a  function  into  v^fT(T^T^. 
And  the  fourth  form  is 

which^  a,  /S,  y  being  each  of  them  odd,  is  the  product  of  such  a 
function  into  V^(T— T*). 
iience  if  Ts:|»+9\/0,  T'ssp— j^/S,  and 

e,  T+T'(«2j>),  TT'(«|)«-9«e),  VfF(T-T')(=?|^ 

V^(T-T0(=2ye),  and  s/%y/T^\'=^s) 
are  respectively  rational  functions.  This  is  the  iipoiterim  veri* 
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ficatioD,  that  with  the  •yitem  of  equaticHis 

any  function 

A  y,  S)  +  ^03,  7*       +  «.  A  7) 

is  a  rational  function. 

The  coeflficicnts  of  the  qnintir  equation  for  .r  must  of  poutm 
be  of  the  form  just  mentioned;  that  is,  they  must  br  faiictions 
of  a  J  /Sj  7,  8,  which  remain  unaltered  by  the  cyclic  suhstitutioii 
a^h»    To  form  the  qui n tic  equation,  I  write 

Aa*/8*7*a*=6,    Dfi*a*^7»-c,    B)3*7*S*«*=rf,  C7*S*a^i9*=e; 
then  we  have 

and  the  quintic  equation  is 

where  oi  is  an  imaginary  titth  rout  ot  unity,  and 

We  have 

>«>^»Sa«-h  (i»«+ai»)X'a6+  (m^-^^X^ac, 
where     it  Mr.  Harle/a  eydieal  symbol,  vis. 

^'ab^^ab    be cd de  +  ea  ; 

and  BO  in  other  cases,  the  order  of  the  cycle  being  always  abcde. 
This  gives 

fmfi^fii'fco^=l,a^  +  Xa»^-2«8^ +22a«^-  SflAcrf 

and  midtiplying  by  /I,  sSa^  and  equiting  to  lero,  the  randt  ia 
found  to  be 

Or  airanging  in  powers  of  a,  this  ia 

^  1 

+     J  ^^|fide+c^bd'{^^cb'^tPee) 
L+5  W»««+cdV+€«*4»+AV, 
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the  emnl  eoeffid«iit8  being,  it  will  be  obaervedi  cycHeil  fbnc- 
tions  to  the  cyde  b,  e,  0,  (L 

Puttm^  for  a  its  vaLae  —  (jp«^^  endlbr  &i      e  their  valaetj 
the  quiDtic  eqiaation  in  «  » 

+  -5(AC  +  BD)aySyS 

+  — B(A«B7g  4-  B^CSa  +  C«D«/9  -f  T)'ji^y)a0y8 

^  t+5(A«C«+B«D«-ABCD)«W«*  ^"^^ 

+  -j  -  5  ( A^BC78  4-  B»C1)5«  +  C^DAa0  4-  D3AB^7)  a«^«8« 

wherc^  as  beiorc^ 

A = K  +  Ii«  -f  M7  4-  ^  «7, 
B=K  +  Iv3+Ma  +  N/3S, 

and  the  coefficients  of  the  qiLintic  (  (^nation  are^  as  they  should 
be,  cyclical  functions  to  the  cycle  a^B, 

2  Stone  Biin<'!inf^^^,  W.C., 
Febniuy  10, 1861. 


XLII.  On  the  Stahility  of  Satellites  in  small  Orbits,  and  the 
Theory  of  Saium^s  Kings,   By  Daniel  Vauqhan  *. 

THE  mvsterious  revolntions  of  planets  and  eomete  were  ool 
rendered  intelligible  to  aitronomen  until  mathematical 
investigations  revealed  the  peculiar  enrves  which  moving  bodies 
must  meribe  when  le£b  to  the  exclusive  control  of  solar  gravity. 

The  process  of  deductive  inquiry,  which  proved  so  beneficial  in  this 

anci  other  departments  of  celest  ial  mechanics,  may  be  snccessfully 
applied  to  another  problem  which  the  results  of  telescopic  obser- 
vation have  forced  on  ilia  attention  of  mathematicians.  The 
pbysieal  constitution  ol  Saturn's  rmgs,  the  circumstanced  en 
which  their  stability  depends,  and  the  causes  which  prevent  their 
conversion  into  satellites,  have  already  been  made  the  subject  of 
many  ablu  essays ;  but,  though  regarding  these  productions  as 
valuable  oontribntions  to  science^  I  think  it  advisable  to  select  a 

*  Camnnniinitod  bj  dw  Aeduv. 
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leas  diiBetilt  road  to  the  solutioii  of  the  canons  problem,  and  to 
seek  a  clue  to  the  stability  of  the  anuolar  appendage  of  Saturn 
by  investigating  the  fonn  which  matter  must  neoesnrily  assume 
in  very  great  proximity  to  a  central  body. 

In  my  communication  published  in  the  Philosophical  Maga- 
ime  for  last  December  (I860),  I  treated  on  the  equilibrium  of 
satellites  revolving  extremely  near  to  their  primaries;  and  I 
'  endeavoured  to  give  an  estimate  of  the  smallest  orbits  which  they 
.  could  describe  in  safety.  In  the  cases  I  considered,  the  satellite 
was  supposed  to  have  its  movements  adjusted  for  keeping  the 
same  point  of  its  surface  always  directed  towards  the  primary, 
not  merely  because  tlie  hypothesis  facilitated  the  investigation, 
but  because  observation  lends  it  every  support,  and  the  principles 
of  natural  philosophy  funiish  most  cogent  reasons  for  its  adop- 
tion. In  describing  a  very  small  orbit  without  such  an  adjust- 
ment, a  satellite  must  experience,  not  only  excessive  tides  in  its 
seas,  but  even  incessant  commotions  in  its  solid  matter ;  and  the 
destruction  of  power  by  friction  necessarily  involves  a  continual 
change  in  the  rotatoiy  movement  of  the  subordinate  world,  after 
a  manner  analogous  to  that  which  I  described  in  a  paper  pre- 
sented to  the  British  Association  for  the  Advancement  of  Science 
in  1857.  This  must  have  the  ultimate  effect  of  establishing  a 
synehrtmism  of  the  orbital  and  diurnal  movements,  together  with 
a  coincidence  of  the  planes  in  which  they  are  performed ;  so  that 
the  disturbing  force  may  give  the  secondary  planet  a  permanent 
elongation,  without  rendering  it  a  prey  to  the  effects  of  violent 
dynamic  action.  From  late  researches,  however,  I  am  convinced 
that  a  want  of  these  peculiar  conditions  would  not  seriously 
affect  the  fate  of  a  large  satellite  when  brought  into  dangerous 
proximity  to  its  primary ;  and  would  not  change,  to  any  great 
extent,  tne  magnitude  of  the  orbit  in  which  its  dismemberment 
nrast  be  inevitable. 

A  homogeneous  fluid  satellite,  having  its  motions  adapted  fbr 
keeping  one  part  of  its  surface  in  perpetual  conjunction  with  the 
primary,  must  find  repose  in  a  form  aiffering  little  from  an  ellip* 
aoid.  Thia  proposition,  which  in  my  last  article  was  assumed  as 
true,  may  be  proved  by  showing  that  the  relation  between  the 
forces  exerted  on  every  part  of  the  fluid  mass  is  almost  precisely 
such  as  is  necessary  for  equilibrium  when  the  figure  is  an  ellip- 
soid, the  dimensions  being  small  compared  with  the  diameter  of 
its  orbit.  For  this  purpose  put  A,  B,  and  C  for  the  major,  mean, 
and  minor  scmiaxes  of  the  ellipsoid,  while  P,  Q,  and  II  express 
the  forces  of  attraction  at  their  extremities  in  the  absence  of  all 
disturbiinces.  Now  at  any  point  in  the  surface,  the  coordinates 
of  which  referred  to  the  centre  are  represented  by  b,  and  c, 
the  components  of  the  attraction  iu  the  direction  of  each  axis 
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will  be  expressed  by 

A'  c  

If  N  denote  tbc  centrifugal  force  at  the  extremities  of  the  major 

doM,  the  intensity  at  the  proposed  point  will  be  ff  .  /^^'"^^*  and 

A 

the  components  in  the  direction  of  the  three  semiaxes  will  be 

-X'    -B'  ^  

To  find  the  ootaponente  of  the  disturbing  force  of  the  primtry 
when  the  major  axis  ranges  with  its  centre^  we  may  usemethou 
analogous  to  tliose  pursaedinthc  lunar  theory  for  estimating  the 
amount  of  solar  disturbance.  Thus,  putting  x  for  the  radius  of 
the  circular  orbit  which  the  satellite  describes,  and  M  for  the 
attractive  force  of  the  primary  at  the  dist;mre  x,  the  attraction 
which  it  exerts  on  the  satelUte  at  the  point  under  consideration 
will  be 

^^^^ 

This  is  equivalent  to  two  forces— one  acting  in  the  direction  of 
the  major  axis  and  expressed  by 

(a;«-2ff^  +  a«  +  ^»«  +  c«)*'     *    *    *    *    ^  ^ 

the  other  directed  to  the  centre  of  the  satellite  and  exprcs^sed  by 

•    ...  (5) 


From  the  first,  (4),  arises  a  disturbance  operating  exclusively 
in  the  durection  of  the  major  axisy  and  represented  by 

M   .  (6) 

ah  c 

the  squares  and  higher  powers  of    ->  and  -  being  rejected  as 

•T  jr  X 

too  small  to  affect  the  result  to  any  appreciable  degree.  Under 
the  same  conditions,  the  radial  force  (5)  resolved  with  reference 
to  the  three  axes  i^ves  the  components 

Ma  Mc 

IT'  -T'  -F  

Accordingly,  if  X  represent  the  sum  of  the  components  acting  in 

•  A  flemonstration  of  this  theorem  may  be  found  hi  thf  nrticlc 
"  Attraction   in  the  eighth  t;diUon  of  tho  JSncjfchpedia  Jiritamuca, 
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the  direcMon  of  A«  Y  the  sum  of  those  in  the  directioii  of 
and  Z  the  sum  of  those  in  the  directum  of     it  appem  from 
(1)>  (2),(6),  and  (7)  that 

flP    aN  2flM 

^=A""A  JT' 

z=§+-|^  ao) 

Now  it  ia  well  known  that,  to  satisfy  the  conditions  of  equili- 
hrium,  or  to  make  gravity  perpendicular  to  the  sur^u^e  in  all 
parts  of  the  aatellite^  it  is  necessary  that 

lUa+Ydb+Zdc^O  (11) 

Snbatitnting  their  yaluea  for  X,  Y,  and     there  reanlta 

/P-N    2M\  .  .  /Q-N  .  M\.  „^/R^M\  .  ^ 

(  — -_j«^  +  (-j3-  +  -j6ift+(g+-j«fc=0.  (12) 

fl*  j« 

Bat  the  equation  of  an  ellipsoid  is^  +  g2+Q^  =  l,  and  its 

differential^  mnltiphed  by  the  constant  quantity  becomes 

BtuUi  .  Sbdh  ,  Scdc  ' 

A  eompariaon  of  the  corresponding  terms  of  equations  (12)  and 
(13)  will  enable  ns  to  fix  the  neeeasary  rdationaof  the  oonatanta 
for  satisfying  the  former.   It  thus  appears  that 

P-N    2M  8 

-A  .^^A?^ 

^-^+^«|.  (15) 


^   M     -  S 

g         —  —  Qi-  ...... 

These  relations  being  independent  of  the  values  of  the  coordi- 
nates a,  b,  and  c,  they  will  be  the  same  for  every  part  of  the  sor- 
lace  of  the  body;  and  it  follows  that  an  cquilibriam  established 
at  any  one  locality  must  extend  to  ever^nart  of  the  entire  mass. 
Accordingly  the  relative  magnitudes  which  the  axes  A,  B,  and  C 
most  possess^  \t>  make  gravity  perpendicular  to  the  surface  at  any 
intermediate  point,  must  give  gravibr  a  like  vertical  direction  in 
all  places,  ana  secure  the  same  stability  to  every  portion  of  the 
satellite  whieh  has  an  ellipsoidal  form.  This,  however,  would 
not  appear  to  be  rigorously  correct  ifj  in  the  expressions  for  the 
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distoilMttioes  by  the  priimuy,  the  sqiuuree  and  higher  powers  of 

^  ^  and  ~  were  retamed;  and  accordingly  the  very  close  ap- 

prozimatioii  to  a  true  ellipsoid  eaii  be  exhibited  only  when  the 
sise  of  the  satellite  is  very  small  compared  with  that  of  its  orbit. 
If  the  disproportion  between  both  were  not  very  great,  the  form 
of  the  satellite  would  resemble  that  of  an  egg  slightly  flattened 
by  lateral  pressure ;  yet  even  in  such  extreme  cases  the  hypo- 
thesis in  regard  to  the  ellipsoidal  form  can  lead  to  no  material 
error  in  estimating  thn  intensity  of  gravity  on  its  surface,  and 
the  dimensions;  of  tlic  smallest  orbit  in  which  its  parU  can  be 
held  together  by  thru  mutual  attraction. 

From  equatioiiB  (8)  and  (14),  (9)  and  (15),  and  (10)  and  (16), 
the  following  are  readily  deduced : — 

X=«(-^  -^h^^Jf^    •  .   .  (17) 

V    ^/2-N  .  M\  6S 

^=Ht~"*""S'/'*^'''^b^  *  •  •  '^^^ 

^=^v  c  +-i)>^'=??-  •  •  •  t^^i 

But  calling  the  force  of  gravity  at  the  given  locality  F,  it  is  evi- 
dent that  F  is  equal  to  >v/X«-f  Y*4-Z«.  On  substituting  for  X, 
Y,  and  Z  their  values  given  by  the  last  equation,  there  results 

^=  V  A*~  +  -g4-,  or  =  gi-Y/  A*"*  "^F*  (^^^ 

The  quantity  under  the  radical  in  the  last  expression  is  thevslne 
of  the  normal  of  the  ellipsoid;  and  hence  the  force  of  gravity 
everywhere  on  the  surface  is  proportional  to  the  length  of  the 
normal  corresponding  to  the  locality.    At  the  extremity  of  eaeh 

axis  this  gravitativc  power,  like  the  normnl,  is  inversely  propor- 
tional to  the  lengths  of  the  axes  themselves — a  result  which  might 
be  more  readily  deduced  from  equations  (17),  (18),  and  (19).  In 
the  first,  for  instance,  if  the  pomt  be  situated  at  the  end  of  the 
major  axis,  a  becomes  equal  to  A  and      which  then  expresses 

S 

that  the  entire  gravity  at  the  point  is  equal  to  j ;  while  the  two 

other  equations,  (18)  and  (19),  treated  in  a  similar  manner,  would 
S  S 

give  ^  and  ^  for  the  values  of  the  intensity  of  gravity  at  the 

terminations  of  the  mean  aad  minor  axes. 

The  cases  in  which  equilibrium  is  impossible  will  be  indicated 
by  the  occurrence  of  imaginary  radicals,  when  we  determine  the 
between  tiie  constant  quantities  in  formulse  (14),  (15), 


« 
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and  (16^ ;  and  aa  this  may  be  found  by  simple  equattont  for  all 
except  uie  semiaxea  and  it  is  to  their  ▼afues  alone  that 
we  most  look  for  imaginaiy  expressiona.  The  fonnulR  referred 
to  give 


(21) 


Now  it  is  evident  that  none  of  the  above  radicals  can  becomt; 
luuigmary  except  the  first;  and  tbe  stabihty  of  the  body  ceases 
to  be  possible  when  a;*(P— N)*— 8MSx,  in  passing  from  a  posi- 
tive to  a  negative  value,  becomes  equal  to  nothing.   In  thia  case 

But  by  comparing  the  expressions  given  in  my  last  article  for 
centrifugal  fcrce  and  the  disturbance  of  the  primary  at  the  extre- 
mity of  the  major  axis  of  the  satellite^  it  appears  that  the  latter 

is  double  the  former,  or  that  N  equals  •   We  may  deduce 

jr 

the  same  result  by  considering  that  the  orbital  velocity  of  the 
sateUite's  centre  is  equal  to  VMo?;  and  from  this  the  rotatory 

velocity  of  the  extremity  of  the  gi-cater  axis  is  equal  to  ^y^M^^ 


orAy^M.   Calling  this  V, 


N»j,orN=— .    .....  (23) 

This  value  being  substituted  for  N  in  the  last  equation,  givea 

The  diDunished  force  of  gravity  which,  at  the  extremity  of  A, 

ia  represented  by  P— N — thus  becomes  '^^^  •  bo  that  if 

the  satellite  were  a  homogeneous  fluid,  the  stability  must  Ix  conic 
impossible  when  more  than  three-fifths  of  the  attraction  along 
the  major  axis  is  neutralised  by  centrifugal  force  and  the  disturb- 
ing innu^ce  of  the  central  sphere. 

The  cause  of  the  unstable  equilibrium  in  suidi  cases  will  be 
sendered  mofe  intelligible  by  a  further  ffiamination  of  equa- 
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tion  (14)^  mhkh,  cm  muUiplymg  iti  members  by  becomes 

.    .  P-N-?^i^  =  |.  (25) 

The  terms  of  the  firat  member  eonBtitute  the  ezjprenion  for  the 
foree  of  gmvity  at  the  extremity  of  A;  and  the  impossible  root 
merely  shows  that  gravity  at  this  pointy  after  having  lost  over 
three-fifths  of  its  intensity  by  the  disturbances,  cannot  amonnt 

S 

to  ^,  and  consequently  can  no  longer  maintain  the  inverse  ratio 

to  til c  length  of  the  axis.  This  peculiar  relation  between  the 
length  of  each  axis  and  the  gravity  at  its  extremity  has  already 
been  deduced  from  formula  (20)^  and  is  indispensable  to  the 
equilibrium  of  similar  columns  of  fluid  extending  from  these 

points,  eitlier  to  the  ceTitre  of  the  body,  or  through  shells  of 
matter  equally  densc^  and  bounded  by  tlic  surfaces  of  concentric 
ellipsoids  similar  m  position  and  dimensioi^^.  This  leads  to  the 
conclusion  maintained  on  different  grounds  in  my  last  commu- 
nication, in  wlucli  I  regarded  the  rupture  of  the  satellite  as  in- 
evitable, when  an  increase  of  elongation  would  fail  to  give  any 
preponderance  io  the  pressure  along  the  greater  axis,  or  when 
the  ellipticity  required  to  be  increased  to  an  infinite  extent  to 
counteract  a  very  slight  augmentation  of  the  disturbing  forces. 
My  former  estimates^  indeed^  do  not  agree  very  closely  with  the 
present  investigation  in  determinmg  the  amount  of  distnibsnoe 
necessary  to  bring  stability  to  an  end;  but  in  these  estimates 
the  eccentricity  of  the  elliptical  section  containing  the  mean  and 
minor  axes  of  the  satelUte  was  neglected ;  and  from  more  exact 
calculations,  which  are  not  yet  in  a  condition  to  be  published,  it 
appears  that  some  reduction  must  be  made  in  the  value  I  first 
assigned  to  the  smallest  orbit  in  which  a  homogeneous  satelUte 
could  be  preserved. 

To  furnish  another  proof  that  the  central  and  the  superiicial 
conditions  of  equilibrium  necessarily  lead  to  the  same  results  in 
every  respect,  let  us  suppose  a  portion  of  the  fluid  to  be  enclosed 
in  thiee  tubes;  two  of  vvhicli  are  connected  at  the  centre  and 
extend  to  the  nearest  and  most  distant  part  of  the  surface,  while 
the  third  stretches  along  the  surface  to  meet  their  extremities, 
while  it  coincides  with  the  plane  in  which  they  are  situated. 

/  2MA\ 
Now  the  force  of  gravity  being  i  F— N—  "^^j  at  the  eztre- 

/P— N  2M\ 

mity  of  the  major  axis,  it  must  be  reduced  to  y  ^    —  "IT/ 

along  this  line  at  a  distance  from  the  centre  denoted  by  a,  and 
the  dement  of  the  pressure  in  the  tnbe  (taking  the  transverse 
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aeetum  and  demity  of  the  fluid  as  unity)  will  be 

\a^  (26) 


( 


I'-N  2M\ 

~A  


•  The  integral  of  this  expression,  taken  within  tlie  limits  of  ff  =  0 
and  A  =  A,  gives  for  the  central  pressure  of  the  Huid  in  the 
longer  tube 

A(p_N-^)  (27) 

A  aimOar  process  applied  to  the  fluid  in  the  tube  ooincidlng  with 
the  minor  aada,  will  give  for  the  differential  of  preaanre^ 

and  a  similar  integration  will  give  for  its  pressure  at  the  centret| 

f). ....... 

For  btability  it  is  necessary  that  the  contents  of  both  tubes  should 
press  to  the  centre  with  the  same  amount  of  force,  or  that 

A(p_N-^)-|(a^^)=0.    .  (30) 

Now  from  the  pecnliar  position  whieh  the  third  tube  is  aap- 
posed  to  occupy  on  the  aarfaee^  the  general  equation  for  the 
equilibrium  of  ita  contente  will  become  Xdis+iSife=0,  or  by 
lobstitntion^ 

/P-N    2M\  ,     /R  .  1M\  ,  ^ 

— ;a<^-f(^  +  -j«fc=0.  .  (31) 

Integrating  within  the  limits  of  a=.k,  c=0,  and  a=z{)^  c=C, 
thi^i  becomes 

The  identity  of  equations  (30)  and  (32),  nnd  the  relation 
between  (26),  (28),  and  (31),  show  that  the  equilibrium  of  the 
internal  and  external  ])arts  of  the  mass  depend  on  precisely  the 
same  conditions,  and  that  the  thud  should  rush  to  the  most  pro- 
minent }Kuts  of  the  satellite  from  the  surface,  as  well  as  from  its 
liitei'iial  regions,  whenever  gravity  along  the  major  axis  was  dimi- 
nished more  than  60  per  cent,  by  the  disturbing  forces.  Brevity 
compels  me  to  omit  the  more  lengthy  inveatigationwhidi  would 
be  leooired  to  show  that  such  consequences  are  not  peculiar  to 
special  localitiea^  bat  are  the  same  on  all  parts  of  the  aturfiiee  of 
thebod^. 
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These  results  might  lead  us  to  infer  that  a  satellite  which  had 
been  introduced  into  the  region  of  instability  by  the  action  of  a 
nenitiiig  m^sdiiim^  must  undergo  a  sadden  and  not  a  gradual 

dismemberment.  Before  embracing  this  opinion,  however,  a  few 
modifying  circumstances  should  be  considered.  The  change  in 
the  fijrure  of  the  body  must  increase  the  time  of  rotation,  while 
the  diminished  size  of  the  orbit  calls  for  a  shorter  period  of  re- 
volution; and  the  synchronism  of  the  diurnal  and  progrebsive 
movements  will  be  destroyed.  But  wc  may  safely  assert  that 
the  eflfects  of  the  resisting  medium  in  producing  this  change  are 
exceedingly  small  compared  with  the  influence  of  tidal  action  in 
keeping  the  same  side  of  the  satellite  always  tamed  to  its  pri- 
mary, especially  when  the  distance  from  the  latter  became  yetf 
small.  The  molt  in  audi  easea  most  be  a  little  diflEerent  for  a 
solid  aatdlife^  which  accommodates  its  form  to  the  new  oonditionB 
of  eamUbiinm  by  a  limited  number  of  parozysmal  changes  sepa- 
xatea  by  intervals  of  many  miUions  of  years.  On  such  occur- 
rences, the  redaction  of  the  velocity  of  rotation,  together  with 
the  tendency  of  the  major  axis  to  range  with  the  primary*^ 
would  lead  to  a  series  of  librations,  which,  in  a  (lanirerons  proxi- 
mity to  tltc  latter  body,  would  tend  more  to  promote  than  to 
prevent  the  final  dismemberment. 

It  must  be  also  recollected  that  our  formulae  have  been  deduced 
on  the  supposition  that  all  parts  of  the  satellite  are  equally  dense ; 
aud  some  modifications  are  therefore  required  in  applying  them 
to  the  cases  likely  to  occur  m  Liie  realms  of  iS  ature.  If  the  den- 
sity increased  very  rapidly  from  the  surface  to  the  centre,  gravity 
might  be  entirely  suppressed  at  the  enda  of  the  greater  ana 
before  it  became  incapable  of  maintaining  the  atamlity  of  the 
internal  matter;  and  it  would  aeem  that  in  such  a  ease  the 
satellite  might  part  successively  with  many  layers  of  the  fluid  of  - 
which  it  is  composed,  before  the  increased  disturbance  called  for 
a  general  disunion  of  the  internal  mass.  If,  however,  the  in- 
creasing doisity  towards  the  centre  merely  residts  from  the  great 
pressure  in  these  loenlities,  the  separation  of  matter  from  the 
surface  must  weaken  the  tie  which  holds  the  remainder  of  the 
satellite  together;  and  the  dismembering  action,  when  onec  - 
begun,  will  proceed  without  interruption  until  a  dissolution  of 
the  entire  mass  is  completed.  But  it  is  in  cases  where  the  satel- 
lite is  solid  that  the  mighty  change  in  its  condition  assumes  the 
most,  awlul  eharacler,  as  the  cohesion  of  itb  parts  must  prevent 
the  gradual  loss  of  matter  from  its  surface,  and  keep  the  dis- 
turbmg  forces  under  restraint  until  they  become  capable  of 

*  UMTS  is  some  inaeeoiiSf  m  my  last  aiCide  in  the  Imadoital  statement 
lespeetiBg  dm  inteosi^  itf  this  diierthw  fom  aft 
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effectiDg  a  aimultaneous  dilapidation  of  the  entire  planetary 

structure. 

I  have  regarded  it  as  important  to  trace  tlie  precise  manner  in 
which  these  subHme  catastrophes  must  take  place ;  not  so  much 
on  account  of  their  connexion  with  the  existence  of  planetary 
rings,  as  for  the  light  which  they  throw  on  the  nature  of 
temporary  stars.  In  an  article  published  in  the  Supplemental 
Number  of  the  Philosophical  Magaxine  for  Decemte  1858, 1 
maintained  that  these  aingnlar  displays  of  stellar  hrilliancy  were 
great  meteoric  displays  in  the  atmospheres,  or  rather  the  dormant 
photospheres,  of  dark  central  bodies  of  spaoe^  as  they  were  tra- 
Tersed  by  the  wrecks  of  dilapidated  worlds.  The  same  theory 
has  been  set  forth  in  my  paper  presented  to  the  British  Associa- 
tion in  1867 ;  and  I  have  endeavoured  in  other  publicationa  to 
support  it  with  satisfactory  proof.  But  the  most  conclusive  evi- 
dence on  which  it  depends,  is  to  be  derived  from  the  instanta- 
neous manner  in  which  the  attendant  of  a  dark  central  body 
must  undergo  a  total  dismemberment,  as  it  explains  the  sudden 
manner  in  which  these  celestial  curiosities  areuslicred  into  exist- 
ence with  all  the  splendour  of  distant  suns.  Humboldt,  in  tlic 
third  volume  of  his  '  Cosmos,'  calls  special  attention  to  the  fact 
of  the  extreme  brilliancy  of  the  temporai-y  stars  in  their  incipient 
stages,  regarding  it  as  a  remarkable  peculiarity,  and  one  well 
.deserving  of  oonsiderslion. 

Without  adducing  any  further  evidence  on  this  aobject,  I  ahall 
now  proceed  to  trace  the  condition  which  matter  must  assume  in 
the  region  where  such  disturbing  forces  render  it  incapable  of 
forming  a  single  mass,  held  together  by  the  power  of  gravity. 
On  the  dismemberment  of  a  satellite  on  this  dangerous  ground, 
the  resulting  host  of  fragments  would  scatter  into  numberless 
orbits;  and  the  wide  range  over  which  they  must  extend  may 
be  estimated  from  the  greatest  and  least  size  of  the  elliptical 
paths  which  their  velocities  and  positions  should  assign  to  them. 
For  these,  however,  we  can  only  prive  at  present  approximate 
values,  taking  no  cognizance  of  the  mutual  disturbances  of  the 
fragmentary  host.  And  in  this  case  the  matter  from  the  most 
distant  part  of  the  satellite  would  describe  an  ellipse,  the  dia- 
meter of  which  is  equal  to 

2^f.r4-A) 
a««-(;r+A)»' 

The  fragments  from  the  nearest  point  of  the  dismembering  mass 
would  describe  an  elliptical  orbit  the  diameter  of  whidi  is 
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But  tbe  size  of  the  smalleat  orbita  might  fall  considerably  below 
this  limit;  in  consequence  of  the  rapture  of  many  of  the  frag- 

THcnts  at  their  least  dutances  from  the  primary,  either  by  the 
attraction  of  that  body,  or  by  the  heat  evolved  whea  they  are 
transformed  into  blazing  meteoric  masses. 

The  condition  which  matter  mmi  Tiltimately  assume  in  the 
central  zone,  where  it  can  no  longer  exist  as  one  great  satellite 
or  in  a  limited  number  of  smaller  ones,  must  depend  in  some 
degree  on  the  form  of  the  primary  planet.  If  this  body  be  an 
oblate  spheroid,  considerably  flattened  by  rapid  rotation,  as  is 
the  case  with  Saturn^  the  orbita  of  the  several  fragments  must 
be  anhjeet  to  apndal  motion^  to  an  extent  depending  on  their 
ttanarene  aiea  and  ezoentricitiea.  Acoofdingly  thoae  ftagmenta 
deaenlnng  the  aame  tcaek  will  he  equally  affected  by  it,  and  will 
fonn  a  line  which  remains  unbroken  during  many  rerolationa. 
Am  one  ring  of  fragments  is  thus  made  to  loll  within  another,  it 
ia  evident  that  both  must  ultimntely  become  dicolar;  and  the 
fragmentary  host  will  at  length  exhibit  the  nearest  approxima- 
tion to  a  state  of  repose,  by  moving  in  exact  circlea  around  the 
central  planet. 

There  are  even  more  cogent  provisions  for  equalizing  the  dis- 
tribution of  the  great  ocean  of  disconnected  matter  over  the  vast 
zone  in  which  it  circulates.  The  attraction  of  the  central  body 
which  led  to  the  great  dismemberment,  must  be  adequate  not 
only  to  forbid  the  reconstruction  of  a  satellite,  but  even  to  pre- 
vent the  parte  of  the  mighty  wreck  from  congregating  to  any 
point  in  an  undue  proportion.  Whenever  a  preponderance  of 
matter  occurred  at  any  locality,  the  impedim»&ta  of  friction 
would  tend  to  equalize  the  angular  velocity  of  the  nearest  and 
moat  distant  ^gmeota  in  the  group ;  and  the  new  relations  be- 
tween gi*avity  and  centrifugal  force  would  immediately  lead  to 
their  dispersion  by  the  disturbing  action  of  the  primary.  If  the 
latter  body  were  a  very  flattened  spheroid,  it  would  serve  to  con- 
fine the  great  annular  ocean  of  fragments  to  the  same  plane,  in 
opposition  to  binall  effects  arising  from  the  disturbances  of  di- 
stant spheres ;  and  Laplace  has  shown  that,  supposing  iSaturn's 
ring  to  consist  of  numerous  independent  satellites,  they  will  be 
prevented  from  departing  from  a  common  plane,  in  consequence 
of  the  action  of  his  equatorial  matter. 

In  addition  to  the  foregoing  agencies  for  securing  the  peculiar 
characters  of  the  annular  appendage,  I  must  notice  another  which 
is  inseparable  from  the  movements  of  such  collections  of  fluid  or 
solid  matter  circulating  in  independent  orbita,  A  \iist  amount 
of  heat  must  be  developed  by  their  friction  and  their  mutual 
collisions;  while  the  calorific  influence  of  such  a  mechanical 
action  will  be  augmented  by  the  shgkt  excentricity  impressed  oa 

mi.  Mag.  S.  4,  Vol  »l.  No.  140.  April  1861.  T 
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thftir  orbits  by  the  diitwbMioet  of  tho  cidMiial  wtMiim.  The 
increaaed  temperature  ori^nating  from  thk  CMue,  must  not  onlj 

permit  the  existence  of  tlnids  in  the  extensive  fields  of  floating 
matter,  but  also  maintain  an  atmospheric  covering  of  vapour,  to 
give  more  continuity  and  aymmttiy  to  the  annular  appendage. 
If  the  physical  characters  of  Saturn's  rings  be  such  as  matter, 
not  having  an  improbably  great  density,  must  necessarily  aasnme 
m  the  region  which  they  occupy,  the  independent  movements  of 
its  parts  may  be  regarded  as  a  coniinual  source  of  heat,  which 
may  perhaps  in  mne  degree  mitigate  the  eway  of  intolenlde 
eold  in  the  frigid  me  of  the  iolir  sjetenu 

(%uiBnati,  Feb.  19, 1861. 


XLTII,  On  the  Principles  of  Energetics  .--V?ivi  I.  Ordinary 
chanics.    By  J.  S.  Stuart  Glenmk,  M.A.^  F.R.A.S,* 

1.  TN  the  mtroductory  paper^  "  On  the  Principles  of  the 
JL  Science  of  Motion,"  I  suggested  that  this  name  miarht 
be  given  to  a  new  general  science,  raukmg  with  the  smiilar 
science  of  Growth,  and  not  be  used  merely  as  a  general  name  for 
the  sciences  of  Ordinary  t  Mechanicsi  (Stereatics  and  ii)  dratics) 
and  Molecular  Mechanics  (Physics  and  Chemics^).  The  science 
of  Motion  ironld,  es  •  diitinet  science,  nr  ai  •  pliUoiopb^  of  the 
Miwhimicul  Seie&oot»  eoaaider,  first,  the  rdeftione  of  motionvj  u 
moHaaa,  ud  wiHioat  referenoe  to  their  origiiiating  or  detenni* 
Ding  eauses  or  foroes ;  and  lecondly,  the  oonditioni^  and  eont* 
lationi  of  the  oonditioni^  of  Flressure,  bodily,  or  molecular,  to 
which  modem  experiment  and  analysis  give  us  the  hope  of  being 
able  to  refer  all  the  forces  of  motion.  To  the  ioaiot  aeetum  A 
General  Mechanics  I  would  give  the  name,  coined  or  made  cur- 
rent by  Ampere,  Kinematics^;  for  the  latter  section  I  would 
adopt  the  term  Energetics  ||, already  introduced  byRankine  with  a 
similar  meaning  to  that  given  by  the  above  statement  of  its  object. 

2.  It  is  proposed  in  the  following  papers  partially  to  developc 
the  conceptions  of  the  introductory  paper,  by  stating  the  funda- 
mental principled  of  the  propostd  Seienee  of  Energetics,  with 
their  applications  to  the  mechanical  interpretation  of  phenomena. 
The  jnatifioation  and  derelopmcnt  of  theae  minciplca  ia  the  wod^ 
of  the  aeienoea  of  Mechanica,  Physio^  and  Chemiea  reapcctiTalj. 

ft.  The  icienee  (^Eneigeliea  may  be  ddined  aa  the  thaovy  of 
*  OoBBimiorted  by  tho  Antfior. 

t  Would  tbcvs  not  be  a  more  definite  distinction  between  the  two 
tesnches  of  MecbRnict«  by  means  of  the  adjectives  CQipoial and  Jfoleeiilar? 
1  Phil.  Mag.  January  1861,  p.  54. 
{  Suai  far  la  PkUosophie  cms  8ckaee$, 

i  sdenoe  whose  subjects  are  material  bodiea,  and  phyaaal  phana* 
aana  hi  gnml,"  AUnb.  SM.  Jim.  N.  S.  ii.  im,  pw 
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MftdiMiialj  as  dittbgmslied  from  Biokgical  I^anm  And 
without  waiik  a  theoiy  il  ia  andent  that  no  geotnl  and  eoncor- 
rent  lawa  or  relatbns  can  be  establiabad  between  phenomena  of 
Motion,  as  distinguished  from  phenomena  of  Growth.  Attrac- 
tions (gravic,  electric,  and  magnetic)  and  Waves  (acoustic,  optic, 
and  thermotic)  are  the  motions  offered  by  Physics  for  explana- 
tion by  mechanical  forces,  or  conditions  of  pressure.  The  con- 
stitution and  combination  of  bodies  ni  c  the  pheuomcnaof  which 
Chemics  require  a  similar  Tticclianical  interpretation.  These 
scieiiccb  may  be  diblmguishcd  fiom  Mechanics,  With  its  ordinary 
limitation  of  meaning,  as  forming  together  the  science  of  Mole- 
cular Meefaaniea.  Snt  in  Ordmaiy  Medumua  aba  tiMra  am 
phenomenay  the  eauaal  relationa  of  whiish  ha?e  been  hitherto  aa 
little  eatabliafaed  aa  thoae  of  the  phenomena  of  Attraction  or  of 
Affinity.  Such  unexplainad  mechanical  phenomena  are  the  uni* 
form  motion  of  the  pianeta,  and  their  velocitiea  of  rotatioii,  aa  yet 
unconnected  even  by  an  empirical  law. 

The  principles  of  Energetics  more  particularly  belonging  to 
Ordinary  Mechanics  will  therefore  be  in  this  paper  applied  lo 
the  explanation  of  these  ineeh:iiiieui  facts. 

4.  (1.)  A  Force  is  the  condition  ol  dilierence  between  two  prea- 
surtib  in  reiation  to  a  third. 

5.  To  establish  the  ])rinei])Ies  oi  Energetics  applicable  to  the 
fii'iit  part  of  MechaDiC8,  it  seeiua  miiiecessary  to  use  the  term  pres- 
aurewith  other  than  its  usual  limited  meaning  as  StaUcalpressnre. 
Such  a  meaning  would  at  Icaat  be  wide  enough  Ibr  tlda  first  prin- 
ciple. For  it  mu^t  be  othcrwi8eeEpre8aed»-<*tlia  general  cau^ 
the  movement  of  a  body  ia  a  diffiBienoe  between  two  (previously) 
equilibrating  preatnrea  upon  it.  But  in  order  that  it  may  be 
acen,  at  least  generally,  how  I  propose  to  bring  the  idea  of  JPres- 
sure  into  Physics  and  Chemica,  and  hence  to  make  this  principle 
the  foundation  of  Molecular  as  well  as  of  Ordinary  Mechanics, 
it  may  be  well  to  state  at  once  that  "  under  the  term  Pressure  I 
shall  include  every  kind  of  force  which  acts  between  elastic 
bodicp,  or  the  parts  of  an  elastic  body,  as  the  cause  (condition) 
or  cfleei  of  a  i,tate  of  strain,  whether  that  force  is  tensile,  com- 
pressive, or  distorting* ; and  that  I  consider  elasticity  to  be 
**  une  tlcb  propiietes  generalca  de  la  matiere.  Elle  est  en  efFet 
Porigine  r&Ue,  on  Fintcrm^diaire  indispensable  dca  ph^iomenes 
physi^ucaleapluaimportana  dePuniven.  • ...  La  gieaTitatioiiet 
PcMBticit^  doivent  toe  conaidMea  comma  lea  cffetad'une  mime 
cause  qui  rmA  d^)endantea  on  aolidairea  toutea  lea  partiea  mal^ 
rieUea  da  Puniverat*'' 

*  Bmkiae,  Oamb.  and  Dub.  Math.  Joan.  1961,  wii  ii.  p.  49. 
t  Lam^  TUark  JMsriMaeHfiie  d»  VmuHeiU  da  Cotp9  SoUdtt,  pp.  1 
and  3. 
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6.  The  special  application  of  this  principlfl  is  less  to  plmio* 
mens  than  to  physical  hypotheses.  For  as  Force  is  thus 
eonoei?ed^  not  as  an  absolute  entity  acting  upon  matter,  but 

as  ft  condition  of  the  parts  of  matter  itself,  and  as  a  condition 
determined  by  the  relative  masses  and  disUuices  of  these  parts, 
any  valid  hypotliesis  of  a  force  or  of  a  motion  to  account 
for  any  set  of  phenomena  is  thus  seen  to  imply  an  assertion 
as  to  relative  masses  and  distances  vvlucli  can  be  more  or  less 
readily  submitted  to  experiment  or  observation  and  analysis. 
And  hypotheses  of  Forces  which,  like  electric  and  magnetic 
fluids,  or  **xaa§arm  dastie  ethers,  the  sole  somee  of  phrsieel 
p(mer  enst  absolutely,  and  are  not  merely  expressioiis  or  ftets 
of  mass*  and  distance-difference,  are  hr  this  principle  rgectod  as 
unscientific.  Lorsq'nne  branche  de  fa  Physique  mathematiqiie 
est  ainsi  parvenue  h  terter  tout  principe  dooteui,  toute  byiio- 
these  restrictiTe,  elle  entrc  r^llement  dans  une  phase  noiifdk. 
£t  cette  phase  parait  definitive^  car  la  s^ne  historique,  et  en 
m^mc  temps  rationnelle,  dcs  progres  aecomp1i«'j  siprnale  une  tcn^ 
dance  constantc  vers  Pindepen dance  dc  toute  loi  j)recoiiyuet.^* 

How  the  mutually  pre&smg  or  rcjieiimg  parts  of  matter  are  to 
be  conceived  in  order  that  from  facts  of  ditfercncc  in  relative 
masses  and  distances  alone,  the  forces  of  Molecnlar  may  be 
referred  to  similar  conditions  with  those  of  Ordinary  Mechanics, 
has  been  lu  the  introductory  papei  iiiiiieated,  and  will  m  the 
second  part  of  this  paper  be  more  fully  developed. 
■  7.  (II.)  Motion,  the  effect  of  Fon!e«wliethermeehanieal,phy- 
aiesl,  or  diemicsl,  may  be  distinguished  as  beginning  or  conti- 
nuous ;  and  continuous  motion  as  uniform  or  accelerated.  The 
.  eondition  of  the  beginning  of  motion  is  a  diffietenee  of  pressure 
on  the  body  that  begins  to  move ;  tlic  condition  of  a  uniform 
eontinnoos  motion  is  a  neutralization  of  the  resisting  piessuie ; 
the  condition  of  an  accelerated  oontinnons  motion  is  a  uniform 

or  varying  resistinir  pressure. 

8.  This  principle  evidently  embodies  those  of  the  Inertia  of 
Matter,  of  the  Oomposition  of  Motions,  and  of  Accelerating 
Force. 

The  principle  of  Inertia  is  the  fundamental  scientific  principle 
of  Non-apontaneity,or  the  impossibility  of  a  motion  undetermined 
bv  a  change  in  the  previously  existing  relations  of  the  body. 
The  inertia  of  a  body  or  molecule  is  simply  the  relation  between 
its  pressure  and  that  of  the  bodies  aetmg  upon  it.  All  the 
meaning  of  this  prindple  is  in  the  rektivity  of  the  conception  it 
gives  of  the  phenomena  of  matter ;  it  appears,  therefofo,  to  betray 

•  Chains,  "  Ou  a  Theory  of  Magnetic  Force,"  Phil.  Mag.  February  18G1, 
p.  107. 

t  l4UD^,  TMMte  Aiu^Hqut  dt  la  CMmvr,  DUctmn  ftiUmUutkt,  p.  ?i« 
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sonic  obscurity  of  thought  to  speak  of  "  intrinsic  or  absolute 
inertia." 

The  law  of  the  Composition  of  Motions  is  but  an  extension  of 
thst  of  Ineitial^.  For  the  compounding  of  m  motion  is  bat  the 
b^linning  of  another  motion ;  and  the  chance  in  velocity  and 
Une  of  motion  of  the  particle  due  to  each  force  (difimnce  of 
pressure)  is  the  same  as  if  the  others  did  not  act. 

There  seems  to  be  a  clearer  conception  afforded  of  uniform 
and  accelerated  motion  by  refernng  these  phenomena^  as  hy  this 
principle^  to  their  actual  physical  conditions. 

9.  The  appliration  of  t"his  principle  leads  to  the  followincc 
theorem  suggestive  of  an  explanation  of  the  apparent  effect  and 
non-effect  of  Uie  resistmg  medium  on  the  comets  and  planets 
respectively. 

According  as  the  resultant  of  a  resisting  medium  passes  or 
not  tlirough  the  centre  of  giavity  of  a  revolving  body  is  it  an 
accelerating  force  of  revolution,  or  a  partially  neutralized  accele- 
rating force  of  rotation. 

If  the  medinm  is  uniform^  or  if— though  it  varies  in  density^ 
aeeordmg  to  some  such  law  as  that  with  so  great  probability 
assumed  for  the  solar  medium,  viz.  inversely  as  the  square  of  the 
distance  from  the  central  bodyf — the  face  of  the  revolving  body 
is  so  small  that  the  resultant  of  the  resisting  pressures  thereon 
passes  infinitesimalljr  near  the  centre  of  gravity  of  the  whole 
body,  it  may  be  easily  proved  that  sueli  a  re?'nltant  of  resistance 
will  act  as  an  accelerating  force,  which,  did  the  body  move  on  a 
solid  s\irface,  would  retard  its  revolution,  but  which,  as  it  moves 
through 'a  fluid  medium,  will,  by  the  progressive  decrease  of  its 
major  axis  and  excentricity,  cause  its  orbit  to  approach  more  and 
more  to  the  circular  form ;  and  there  will  hence  result,  as  in  the 
ease  of  Eneke's  comet,  a  secular  ineqnality  in  the  expression  of 
the  mean  longitude,  and  consequently  in  the  period. 

But  if,  with  the  above  law  of  decreasing  density,  the  re- 
sultant of  resistance  to  revolution  falls  at  a  finite  distance  below 
the  eentre  of  gravity  of  the  body,  it  is  elear  that  an  unbalanced 
pressure  thus  applied  will  affect,  not  the  revolution,  but  the  rota- 
tion of  the  body;  and  that  the  tendency  either  to  cnme  or  acce- 
lerate rotntion  will  bo  partly  at  least  neutralised  by  the  resistance 
of  the  medmm  to  this  new  motion. 

For  let  a  be  the  direction  of  revolution,  a!  the  resultant  of  the 
resistante  thereto  of  a  medium  varying  in  density.    It  is  evi- 

*  Price,  '  Treatise  oa  lafinitesimal  Calculus/  vol.  iii.  p.  3/0. 

t  See  Encke,  Ueber  die  Existeiu  einet  widerMtekmtdm  JMiKtlt  tM 
WtUrmtmei  and  Pontecovhiil,  TkM$  Anafyt^ptt  Syjtinw  ds  Monde, 
veLiiL  hook  4,  chap.  6. 
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dent  that  will  actw  au 
acoeleratiiig  force  of  rota* 
tion  in  the  direction  0; 
and  that  this  rotation  will 
he  retarded,  and  a'  partly  ^ 
neutralized  by  the  retiat-  * 
anee  in  the  direction  ff.  ^ 

10.  In  the  actual  case   1 

of  tbeplanets,theirDiassc9  S 
and  velonities  of  rotution 
are  sucli  tliat  tlie  soiar  medium  cau  be  of  course  conceived,  not 
as  caiinine:,  but  only  as  t^udinpr  slierbtly  to  accelerate  tbeir 
rotatioiifti.  And  a  piobleiu  i:i  hy  tbis  tbeorem  suggested  of  tix- 
treme  interest,  but  also,  in  the  present  state  of  hydrodynamics^ 
ttmkttsm  diffienltT,  aatohoirnrtlraaeodaittingforoeof  fota- 
tion  k  nentialiied.  The  earth'a  rotation  haa  oeen  hitteto 
oonaiderBd  and  pioved  to  be  invariable,  only  iu  laspeot  of  the 
action  of  the  sun  and  moon ;  and  it  is  to  be  remembered  that 
doabta  have  been  thrown  on  ita  actual  invariability  even  dunng 
the  short  period  of  4000  yeara  j  that  one>tenth  of  a  second  in 
10,000  years  would  be  a  large  astronomical  quantity ;  and  that 
their  actual  times  are  all  that,  at  best,  we  know  of  the  rotations 
of  the  other  ])kTiets.  1  shall  not  at  present  offer  any  further 
remarks  on  this  problem,  considered  either  as  a  purely  hydro- 
dyiiainical  one,  or  with  the  data  afforded  by  the  planetary  system, 
except  to  note  that  nothing  seems  as  yet  to  have  been  done  towards 
determiiiiug  the  relative  edcct  of  a  resisting  medium  on  (what 
may  at  any  moment  be  called]  the  back  of  a  revolving  and  xot»* 
ting  body.  Anditahonldaeem  that  little  farther*  ean  be  done 
tovarda  the  aolntion  of  this  problem  vrithont  eiperimental  data  on 
thia  point  capedaUy.  The  determination  of  the  secular  inequality, 
the  result  of  the  variooalv  directed  and  moat  improbably  eqoiii- 
biating  fbnsea  of  the  medinm,  becomes  still  more  compUcated 
ndien  such  a  triple  motion  aa  that  of  a  satellite  is  conndlefed. 

Such,  then,  is  the  theorem  I  would  venture  to  offer  as,  if  not 
givmi^  m  yet  the  demonstrable  exj)lanation  of  the  effect  of  the 
resist!  CLT  medium  on  the  bodies  of  the  solar  systemf,  at  least  sug- 
gesting new  and  very  interesting  experimental  and  analytical 
problems  in  hydrodynamics. 

11.  (III.)  The  condition  of  Trauslatiuu  U  a  difference  of 
polar  pressures  on  a  point ;  the  condition  of  Rotation  is  equal 

*  Stokes,  *  On  Fluid  Friction.' 

t  I  may  refer  to,  thou}>h  I  cannot  here  di<<m;'«'',  the  r<»m«Tks  on  this  sub- 
ject of  Sir  John  Herschei, '  Outlines  of  Astronomy/  6th  edit.  p.  36^  note; 
Old  of  FiFof.  CbaUis  in  his  paper  On  the  BarfitMMe  of  the  LamiiiifenNii 
MedimD/'  PldL  Msg.  Hay  1859. 
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ind  opposite  differanon  of  polar  pnaaiires  oq  two  rigidly  con* 
nected  points;  the  condition  of  componnd  Translation  and  Bo* 

tation  is  unequal  and  opposite  differences  of  polar  pressures  on 
two  rigidly  connected  points;  and  the  relation  between  the 
former  and  the  latter  depends  on  the  distance  between  the  centre 
of  gravity  of  the  body  and  the  point  of  application  of  thereaolt* 
ant  of  such  unequal  opposite  forces. 

12.  In  explanation  of  this  principle,  it  will  be  sufficient  to 
remark  that  it  is  merely  an  expression  of  the  ideas  of  a  single 
liMoe  at  the  centre  of  gravity^  »  oouple^  and  a  single  force  not  at  • 
iJie  centre  ofmvity^  in  tenns  of     above  general  phyneal  oaw 
oiptifln  of  ft  Iwoe* 

18*  The  latter  paragraph  sng^este  the  fbllowing  general  pto^ 
bkm  e-^-Oiven  a  force  which,  a^mginatantaneooaly  at  the  centre 
of  gravity  of  a  body  of  a  given  mass  in  a  vacuum,  gives  it  a  eir- 
tain  velocity :  what  are  the  different  relations  between  the  velo- 
city of  revolution  and  that  of  rotation  when  the  same  body  ia 
struck  at  certain  different  distances  firom  the  oentn  of  gcaiity^ 
and  on  any  axis,  by  the  same  force  ? 

The  interest  of  this  abstract  problem  is  in  the  generality  of 
its  application  to  bodies  which,  while  trans- 
lated along  r,  rotate  about  5^  from  a  resultant  m 
of  uue<^ual  pressures  and  resistances^  having 
ita  point  of  application  in  or  parallel  to  jr  (a 
wheel) ;  and  to  bodiea  \Aam,  while  trana-  _ 
lated  along  rotate  abont  m  from  ^'  a  primi* 
tive  impnlae'^  apnlied  at  some  point  in  y  (a 
planet).  For  ''le  double  mouvement  de  p 
tranalation  et  de  rotation  dea  planetes,  qui 
paraSt  au  premier  aboid  ai  comphqu^,  a  pu  r^sulter  d'une  seule 
impulsion  primitive  qui  ne  passait  pas  par  leur  centre  de 
gravite*."  From  what  previously  existing  conditions  sucli  a 
primitive  impulse  originated,  whether  from  the  rotation  of  a 
genetic  ring,  as  in  the  Nebular  Theory  of  Laplace,  or  other- 
wise, we  have  not  here  to  inquire.  But  towards  a  mechanical 
explanation  of  the  planetary  elements,  or  a  hydrod^uanncal 
theory  of  the  formation  of  the  solar  ayatemj  the  ezperunentalf 
and  ualytical  inveatigatioii  of  the  above  general  problem  aeena 
to  open  the  way. 

14.  In  reference  to  the  application  of  general  or  particular 
solationa  of  aoeh  a  problem  to  the  planeta,  it  may  be  remarked 
tha^  «8  we  oe  not  of  eoiuee  hen  given  the  priinittve  tmpnlae^ 

♦  PontecotiUnt,  ThSorie  Analytip^e  du  Sy$thne  du  Monde,  vol,  i.  p.  144, 
t  Extend  Plucker's  experiments,  for  ixutanoe.   See  Taylor's  '  Scientifie 
Mtmm/  voL  iv.  p.  16,  and  voL  v.  pp.  684  and  621* 
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the  lir^^t  ?tep  towards  a  rational  is  the  discovery  of  an  ciiipinral 
law  of  the  rotations,  in  which  such  an  elcmunt  us  the  iiicliuatiou 
of  the  rotation  axis  to  the  plane  of  revolution  (easily  calculable 
except  for  the  two  innermost  and  two  outermost  planets)  would 
evidently  be  involved. 

Suclv  a  law  seems  poiuted  to  by  the  regularity  of  the  decrease 
of  the  rotations)  when  tlie  angular,  Instead  of  the  linear  vt^itiea 
or  times  are  eonsidered*  l%e  respective  angular  velodtiea  of 
rotation  of  the  inner  family  are  *29811,  •26909,  *26181,  and 
•95879 ;  and  of  Jnpiter  and  Saturn,  -69318  and  'SdSO?  re- 
ject I  vcly. 

15.  The  attempts  I  have  made  to  discover  the  law  of  the  pla- 
netary rotations  have  had  as  yet  no  complete  result*.   But  the 

followinpj  incidental  observation  w  ith  rt  jxard  to  the  angular  velo- 
cities of  revolution  and  the  di.staiicrs  may  })'ji'haps  be  worth  noting 
towards  such  a  theory  of  the  furuiatiou  of  the  ayatem  as  above 
alluded  to. 

By  Kepler's  third  lair, 

a  V  1 

P^cD*;  whence  ?c  or  a>=c'— ?• 


But  mulcr  this  law  there  mig:ht,  in  compaiing:  successive  velo- 
cities and  distances^  be  found  relations  of  inequality  ad  infinitum. 
The  actual  relations  niav,  however,  be  thus  expressed: — ^Tbe 
angular  velocities  of  revolution  and  the  distancea  are  in  inverse 
geometrical  progressions  with  inverse  diflercnces,  except  the  in- 
nermost planet  of  each  family. 

To  say  that  the  distances  are  in  geometrical  progression,  each 
nearer  planet  bemg  half  the  distance  of  tlie  next  more  remotef, 
or  that  the  angular  velocities  of  revolution  are  in  geometrical 
pro^rression,  each  nearer  planet  revolving  with  twice  the  velocity 
of  the  next  raorr  rcTiiote,  would  be  very  far  from  acrnratc  ;  but 
it  seems  mteresting  to  observe,  as  by  this  law,  that  when  the 
distance  of  a  planet  is  7/iorc  than  twice  that  of  the  next  inner, 
its  angular  velocity  of  rotation  is  few  than  half  that  of  the  next 
inner,  and  vice  versa.  And  that  the  only  exceptions  to  tins  rule 
should  be  the  innermost  planet  of  each  iamily,  viz.  Mercury  and 
Jupiter,  appeara  significant. 


*  The  results  of  an  approximative  formula  were  given  ia  a  jHtper  "On  n 
seacnl  law  of  Rotation  applied  to  the  Planets,"  read  by  me  at  the  Oxford 
Meeting  of  the  British  AMOdation,  June  1860. 

t  Ree  Ifimiboldt's  reTnfirl<s  on  the  Law  of  Bodc,  OT  Father  of  TitiQS. 
Cosmos,  vol.  iii.  pp.  319,  «i20. 
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Mercury  and  Venus. 
D=36,298051 =i  x  68,631843  + 1,982129, 

^sO'00297eOa2  x0«0011651 +0*0006468. 

Vemu  and  Earth* 
D=:68,631843  =4x91,885000  +  21,189343, 

^  s:0O0116510s2  X  0*00071676-0000268^ 

Earth  and  Mars, 
D=94,885000        x  144,675333  +  22,587334, 

^=000071676  =  2  x  0-00038108- 0-00004540. 


JvpUer  mid  Saium, 
Ds408,664646  ^ix905/»7708  +41,110692, 

^s;0*0000G0411 =2  X  0000024332  +  0  0000117470. 

Saiuni  arid  Uranus. 
J)s905,087708  =i  x  1820,020075  -4,922329, 

^ = 0  000024332  =  2  x  0  0000085313  +  00000072598. 

Vrmmu  mid  Neptune* 
D= 1820,020075  =i  x  2849,991384  +  395,024383, 

^-0*0000066318s2  x  0*0000048642- 0-0000001871 

6  Stoue  Buildings,  Lincoln's  Ions 
March  186  L 


XLIV.  On  Fhysical  Lines  of  Force.    By  J.  C.  Maxwell,  Pro- 
Jesior  of  Natural  PhUosophy  in  King's  Coiiege,  Ij<mdon'f, 

[With  a  Plate.] 

Pajlt  II. — The  Theory  of  Molecular  Vortices  applied  to  Mlectrie 

Currents, 

XXTE  have  already  shown  that  all  the  forces  acting  between 
▼  ▼     magnetS;  substances  capable  of  mao^nctic  induction,  and 
electric  currents,  may  be  mechanically  accounted  for  on  the  sup- 

♦  This  fifteenth  p«raf?raph  mny  be  tnkcn  as  nn  nbstract  of  my  pflper 
**  On  the  Revolutiooal  Veloatics  and  Distances  of  the  Planets,"  retui  before 
llie  Boyal  AirtMrnoniMil  Society,  Jan.  11, 186L  ■ 
C?ommiuiiottd  by  Ae  Antiioir* 
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poflitum  tliat  the  saimitidliig  neditin  It  put  into  sneh  a  state 
that  at  ever^  point  the  preiaam  are  difoent  in  different  diree* 
tions,  the  dimtion  of  least  preasure  being  that  of  the  ohaemd 
lines  of  force,  and  the  difibiaiee  of  greatest  and  least  presanrea 
heing  proportional  to  the  aqnare  of  tne  intenai^  of  the  foice  al 
that  point 

Such  a  state  of  stress,  if  assumed  to  exist  in  the  medium,  and 
to  be  arranged  according  to  the  known  laws  regnilatine^  lines  of 
force^  will  act  upoQ  the  magnets,  currents,  &c.  in  the  field  with 
precisuly  the  same  resultant  forces  as  those  calctdated  on  the 
ordinary  liypothesis  of  direct  action  at  a  distance.  This  is  true 
indepcndeutly  of  any  paiticukr  theory  m  to  the  came  of  this 
state  of  stress,  or  the  mode  in  which  it  can  he  auatained  in  the 
medium.  We  have  thenfbra  a  aatialhetory  anawer  to  the  qnea- 
tion^  "la there  any  meehanical  hypotheaia  aa  to  the  condition  of 
the  medium  indleated  hy  lines  of  force,  hy  which  the  obaerved 
reanltant  forces  may  he  accounted  for  V*  The  anawer  ia^  the 
lines  of  force  indicate  the  direetaoii  of  amitniiifli  premn  at  every 
point  of  the  medium. 

The  second  question  must  be,  "  What  is  the  mechanical  cause 
of  this  difference  of  pressure  in  different  directions?"  Wc  have 
supposed,  in  the  first  part  of  this  paper,  that  this  difference  of 
pressures  caused  by  molecular  vortices,  having  their  ULea 
parallel  to  the  lines  of  force. 

We  also  assumed,  perfectly  arbitrarily,  that  the  direction  of 
these  vortices  is  such  that,  on  looking  aloug  a  line  ol  force  from 

aouth  to  norths  we  ahouldaee  the  fortices  revolving  in  the  direc- 
tion of  the  hai^  of  «  wateh. 

We  found  that  the  velocity  of  the  ciremnferenoe  of  each  vortex 
muat  be  proportional  to  the  intenaity  of  the  magnetic  forec^  and 
that  the  denaity  of  the  substance  of  the  vortex  must  be  propor- 
tional to  the  capacity  of  the  medium  for  magnetic  induction. 

We  have  as  yet  given  no  answers  to  the  questions,  "  How  are 
these  vortices  set  in  rotation  ?"  and  "Why  are  they  arranged 
according  to  the  known  laws  of  lines  of  force  about  magnets  and 
currents T"  These  questions  are  certainly  of  a  higher  order  of 
difficulty  than  either  of  the  former ;  and  I  wish  to  separate  the 
suggestions  I  may  offer  by  way  oi  provisional  answer  to  them, 
from  the  mechanical  deductions  which  resolved  ihc  hrst  question, 
and  the  hypothesis  of  vortices  which  gave  a  probable  answer  to 
the  MeoDO. 

We  havci  in  fret,  now  oome  to  inquire  into  the  phyncal  con- 
neticm  of  thcae  vortieea  with  electric  cnnrcnta^  while  we  are  atill 
in  doubt  to  the  nature  of  eleetricity,  whether  it  is  one  aub- 
stance,  two  anbatancea,  or  not  a  suhatance  at  all,  or  in  whit  way 
it  diiiBre  £rom  matter,  and  how  it  ia  connected  with  it. 
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We  know  that  the  lines  of  force  are  affected  by  electric  cur- 
rents, and  wc  know  the  distribution  of  those  lines  about  a  cur- 
rent ;  so  that  from  the  force  we  can  determine  the  amount  of  the 
tuifoit.  Amuning  tliat  our  eiplanatioii  of  tho  Hues  of  ibm 

moleeidar  vortioes  is  oovreet,  whj  doei  a  pnticiilar  diitadlnu 
turn  of  voitioes  indicate  n  deetnc  oniient?  A  latiiiactoffy 
answer  to  this  question  would  lead  us  a  long  way  towards  that 
of  a  very  important  one,  **  What  is  an  electric  current  V* 

I  have  found  mat  difficulty  in  conceiving  of  the  enstenoe  of 
vortices  in  a  medium,  side  by  side,  revolving  in  the  same  direc* 
tion  about  parallel  axes.  The  contiguous  portions  of  consecu- 
tive vortices  must  be  moving  in  opposite  directions;  and  it  is 
difficult  to  understand  how  the  motion  of  one  part  of  the  medium 
can  coexist  with,  and  even  produce^  an  opposite  motion  of  a  part 
in  contact  with  it. 

The  only  conception  which  has  at  all  aided  me  in  conceiving 
of  this  kind  of  motion  is  that  of  the  vortices  being  separated  hy 
a  lay^  of  particles^  revolving  each  on  its  own  axis  in  the  oppo- 
site direction  to  that  of  the  vortioes,  so  tliat  the  eontigaoiis  sor- 
iaces  of  the  particles  and  of  the  vortioes  have  the  same  motion. 

In  mechanism,  when  two  wheels  are  intended  to  revolve  in 
the  same  direction,  a  wheel  is  placed  between  them  so  as  to  be 
in  gear  with  both,  and  this  wheel  is  called  an  ^idle  wheel/' 
The  hypothesis  about  the  vortices  which  I  have  to  suggest  is 
that  a  layer  of  particle??,  acting  as  irlle  wheels,  is  interpowed  be- 
tween each  vortex  and  the  next,  so  that  cacli  vortex  has  a  ten- 
dency to  make  the  neighbouring  vortices  revolve  in  the  same 
direction  with  itself. 

In  mechanism,  the  idle  wheel  is  generally  made  to  rotate 
about  a  flawed  axle ;  but  in  epicychc  trauia  and  other  contrivances, 
as,  for  instance,  in  Siemens's  governor  for  steam-engines*,  we 
find  idle  wheels  whose  centres  are  capable  of  motion.  In  all 
thrae  eases  the  motion  of  the  centre  is  the  half  sum  of  the  motions 
of  the  circumferences  of  the  wheels  between  which  it  is  placed* 
Iiet  08  examine  the  relations  which  must  subsist  between  the 
motions  of  our  vortices  and  those  of  the  layer  of  particles  inter- 
posed as  idle  wheels  between  them. 

Prop.  IV. — To  determine  the  motbn  of  a  layer  of  portieles 
separating  two  vortices. 

Let  the  circumferential  velocity  of  a  vortex,  muitipUed  by  the 
three  direction-cosines  of  its  axis  respectively,  be  «,  /9,  y,  as  in 
Prop.  II.  Let  /,  OT,  n  be  the  direction-cosines  of  the  normal  to 
any  part  of  the  surface  of  this  vortex,  the  outside  of  the  surface 
being  regarded  positive.  Then  the  components  of  the  velocity 
of  the  pmdes  (tf  the  vortex  at  tiiis  part  of  its  mahot  will  he 
*  8ss  Goodsvs's  'Elanisttts  of  Mechsaisin,*  p.  118. 
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nfi—my  parallel  to  ar, 
iy-^na,  parallel  to  y, 
nuL'^lfi   parallel  to  z. 

If  this  portion  of  the  surface  be  in  contact  with  another  vortex 
wlune  ▼elocities  are  p,  then  a  layer  of  very  small  partidles 
placed  between  tbem  will  bare  a  velocity  wbieb  will  be  the  mean 
of  tbe  saj^fidal  vdoeities  of  the  vortices  wbicb  they  sepantoj  bo 
that  if  « IS  tbe  velocity  of  tbe  partidea  in  tbe  diieetion  of  »j 

tt=ii»(y-Y)-inOS'-/3),    ....  (27) 

ance  the  nonnal  to  tbe  second  vorta  it  in  the  opposite  dneetioii 
to  that  of  the  fli-st. 

Prop,  v.— To  determine  the  whole  amount  of  particles 
transfened  across  nnit  of  area  in  the  direction  of  « in  unit  of 
time. 

Let  .r,,  f/j,  be  the  coordinates  of  the  centre  of  the  first  vor- 
tex, x,^  those  of  tbe  second,  and  so  on.  I^t  V,,  V,,  &c. 
be  the  vobimcs  of  the  first,  second,  &e.  vortices,  and  V  the  sum 
of  their  volumes.  Let  ^  be  an  elcnitnt  of  the  surface  separa- 
ting tbe  tirst  and  sceoiid  vortices^  and  x,  y,  z  its  coordinates. 
Let  p  be  tbe  quantity  of  particles  on  every  unit  of  surface. 
Then  ifp  be  the  whole  quantity  of  particles  transferred  across 
unit  of  area  in  unit  of  time  in  the  direction  of  x,  the  whole  mo- 
mentum parallel  to  «  of  the  particles  within  the  space  whose 
volume  is  Y  wiH  be  \p,  and  we  shall  have 

Yp^'SntpdS,  (28) 

the  summation  being  extended  to  every  surface  separating  any 

two  vortices  within  the  vohimc  V. 

Let  us  consider  the  surface  separatiup:  tlie  first  and  second 
vortices.  Let  an  element  of  this  surface  be  dS,  and  let  its 
direction-cosines  be  /j,  iiij,  n,  with  respect  to  the  first  vortei,  and 
^  m^f     With  respect  to  the  second  j  then  we  know  that 

ii+l^^O,  fni+mt^O^  «,  +  n,a50.    .   .  (29) 

The  values  of  a,  y  vnry  with  the  position  of  the  centre  of 
the  vortex ;  so  that  we  may  write 

-t=«i+£(*t-*i)+^(yt-yi)+£(*t-*i),  •  (80) 

with  similar  emiaftioiis  for  /3  and  y. 
The  value  of  u  may  be  written: — 
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-gf  (31) 

In  effeeting  tbe  summation  of  XupdS,  we  mast  remember  that 
round  any  closed  surface  2/(/S  and  all  similar  terms  vanish  ;  also 
that  terms  of  the  form  ^lyd^,  wlicro  /  and  y  arc  measured  in 
different  directions,  also  vanish  ;  ljut  that  terms  of  the  form 
^kcdS,  where  /  and  x  refer  to  the  same  axis  of  coordinates,  do 
not  vanish,  but  are  equal  to  the  volume  enclosed  by  the  surface. 
The  result  is 

or  dividing  by  V=V,+V,+  &c., 

-I'CI-f)-  •■  w 

If  we  nuke 

then  equation  (33)  will  ho  identical  with  the  first  of  equations  (9), 
which  give  tho  relation  between  the  quantity  of  an  electric  cur- 
rent and  the  mteusity  of  the  lines  of  force  surrouiidinp:  it. 

It  appears  therefore  that,  according  to  our  hypothesis,  an 
electric  current  is  represented  by  the  transference  oi  the  move- 
Able  paftidea  InterpoMd  between  the  ndghbouring  Tartioei.  We 
may  coneeive  that  these  particles  are  very  small  compared  with 
the  lise  of  a  vortex,  and  that  the  mass  of  all  the  particles 
together  is  inappreciable  compared  with  that  of  the  vortices,  and 
that  a  great  many  vortices,  with  their  surrounding  particles,  are 
contained  in  a  single  complete  moleeule  of  the  medium.  The 
particles  must  be  conceived  to  roll  without  sliding  between  the 
vortices  which  thpy  separate,  and  not  to  tonch  each  other,  so 
that,  as  lonj^  as  they  remain  within  the  same  complete  molecule, 
there  is  no  loss  of  energy  by  resistance.  When,  however,  there 
is  a  general  transference  of  particles  in  one  direction,  they  must 
pass  from  one  molecule  to  another,  and  in  doing  so,  may  ex-* 
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Eerienoe  reautanoe,  bo  aa  to  watte  electrical  energy  and  generate 
eat. 

Now  let  UB  anppoflc  the  vortiees  arranged  in  a  medium  in  any 

arbitrary  manner.   The  quantities  ^  —       &c.  will  then  in 

general  have  vnTucs,  so  that  thprp  will  at  Hr^t  he  electrical  cur- 
rents in  the  medmin.  These  wiil  be  opposed  by  th(^  clcrtrical 
resistance  of  the  medium ;  so  that,  unless  they  are  kept  up  by  a 
continuous  supply  of  force,  they  wiil  quickly  disappear^  and  we 

ahall  then  have  ^  -  ^  asO,  fce. ;  that  is,  «ifir+i8d^+r^  will 

be  a  complete  differential  (see  equations  (15)  and  (16)) ;  so  that 
Qur  hypothesis  accounts  for  the  distribution  of  the  lines  of  force. 

In  riate  V.  fig.  1,  let  the  vertical  cii'cicEE  represent  an  elec- 
tric current  flowing  from  copper  C  to  zinc  Z  through  the  con- 
ductor E  Efp  88  shown     the  anrowa. 

Let  the  horisontal  arcle  MM'  represent  a  line  of  magnetic 
force  embracing  the  electric  circuity  tne  north  and  aonth  oirec- 
tians  being  inmcated  by  the  lines  S  N  and  N  S. 

Let  the  vertical  circles  V  and  V  represent  the  molecular  vor- 
tices of  which  the  line  of  magnetic  force  is  the  axis.  Y  revolves 
as  the  hands  of  a  watch,  and  V  the  opposite  way. 

It  will  appear  from  this  diac^rani,  that  if  V  and  V  were  conti- 
guous vortices,  particles  placed  between  them  would  move  down- 
wards; and  that  if  the  partielcs  were  forced  dmvnwards  by  any 
cause,  they  would  make  the  vortices  revolve  as  in  the  ff^re. 
We  have  thus  obtained  a  point  of  view  from  which  we  may  regard 
the  relation  of  an  electric  current  to  its  lines  of  foi  ce  as  analogous 
to  the  relation  of  a  toothed  wheel  or  rack  to  wheels  whidi  it 
drives. 

In  the  first  part  of  the  paper  we  investigated  the  relations  of 
the  statical  forces  of  the  system.  We  have  now  considered  the 
connexion  of  the  motions  of  the  parts  considered  as  a  system  ot 
mechanism.  It  remains  that  we  should  investigate  the  dynamics 
of  the  system^  and  determine  the  forces  necessary  to  produce 
given  changes  in  the  motions  of  the  different  parts. 

Prop.  "VI. — ^To  determine  the  actual  energy  of  a  portion  of  a 
medium  due  to  the  motion  of  the  vortices  within  it. 

Let  a,  ff,  y  be  the  compoiient«  of  the  circumferential  velocity, 
as  in  Prop.  II.,  then  the  actual  energy  of  the  vortices  in  unit  of 
volume  will  be  proportional  to  tlie  density  and  to  tlie  square  of 
the  velocity.  As  wc  do  not  know  the  distribution  of  ck usity  and 
velocity  in  each  vortex,  we  cannot  determine  tlic  numerical  value 
of  the  energy  directly;  hnt  since  /i  also  bears  a  constant  though 
wiknown  ntio  to  the  mean  density,  let  us  astnme  that  the  energy 
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in  unit  of  volmne  is 

where  C  is  a  constant  to  be  determined. 
Lrt  Qi  take  fhe  case  in  which 

•=f.  fi-^  f-t- 

I/et 

4>=<t>i+<l>t.   •   •  (36) 

■nd  let 

then  01  is  the  potential  at  any  point  due  to  the  magnetie  system 
mj,  and  4>%  that  due  to  the  distribution  of  magnetitm  represented 
by        ^e  actual  energy  of  all  the  vortices  is 

BaSC/uy+^+7^dfV,   .   .   .   ,  (38) 

the  integration  being  performed  over  all  space. 

This  may  be  shown  by  integration  by  parts  (see  Green's 
'Essay  on  Electricity/  p«  10)  to  be  equal  to 

Or  since  it  has  been  proved  (Green's  '£ssay/  p.  10)  that 

E=T-4arC(0ii»i-t-0^+2^>iiW8)<^V.    ,   ,   .  (40) 

Now  ]et  the  magnetic  system      remain  at  rest,  and  Ictflk  be 
moved  paralld  to  itself  in  the  direction  of  x  through  a  space 
then,  since  tfty  depends  on  m,  only,  it  will  remain  as  before,  so 

ihnt  (f^^m^  will  be  constant;  nnd  since  <f)o  depends  on  only, 
the  distribution  of  ^  about  jn.^  will  rcmniii  the  same,  so  that 
^^m,  will  be  the  same  as  before  the  change.  The  only  jiart  of 
£  that  will  be  altered  is  that  depending  on  2^|fn^  because  0) 

becomes  ^  +  &r  on  aeeount  of  the  dispkcement.  The  varia- 
tion of  actual  energy  due  to  the  displacement  is  theref<nre 


8E=-47rCs(2^m^)(rV&i?.     .    .  (41) 

Bnt  by  ec]^uation  (12),  the  work  done  by  the  mechanical  foroea 
on     dnnng  the  motion  is 

and  since  our  hypothesis  m  a  purely  mechanical  oiuij  we  mnit 
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have  liy  the  coiiMrvitiim  of  foreei 

SE+5W=0;  (48) 

that  is,  the  loss  of  energy  of  the  vortiees  mait  be  made  up  by 
work  done  in  moving  magnete,  so  that 

or 

c=^;  m 

ao  that  the  energy  of  the  vortices  in  unit  of  Tolnme  is 

^M'^+ZS'+T^}  («) 

and  that  of  a  vortex  whose  volume  is  V  is 

g^M«'+/3'+y')V  (46) 

In  order  to  ])ioducc  or  destroy  this  energy,  work  must  be  ex- 
pended ou^  or  received  from,  the  vortex,  either  by  the  tangential 
aetion  of  the  layer  of  parttdea  in  eontaet  with  it,  or  by  dian^c 
of  form  in  the  vortex.  'We  shall  first  inYeatigate  the  tangential 
artion  between  the  vortiees  and  the  layer  of  partieles  in  eontaet 
with  them. 

Prop,  YII.— -To  find  the  energy  spent  upon  a*vortexinnnit<tf 
time  by  the  layer  of  particles  which  surrounds  it. 

Let  V,  Q,  R  he  the  forces  nctini^  on  unity  of  the  particles  in 
the  three  coordinate  direction"?,  these  quantities  being  fnnrtions 
of  X,  y,  and  z,  Smee  caeh  particle  touches  two  vortices  at  the 
extremities  of  a  diameter,  the  reaction  of  the  particle  on  the  vor- 
tices will  be  equally  divided^  and  will  be 

■ 

-5^'  -I'''  -l"" 

on  each  vortex  for  unity  of  the  particles ;  bat  sinee  the  superficial 
density  of  the  particles  is  ^  (see  equation  (34)),  the  forces  ou 

unit  of  snriaee  of  a  vortex  wOl  be 

111 

-iz^,  *AQ>  ^A^- 

Now  kt  ifS  be  an  element  of  the  surface  of  a  vortex.  Let  the 
direction-cosines  of  the  normal  be  ai,  n.  Let  the  coordinates 
of  the  element  be  x,  y,  jr.   Let  the  component  velocitiea  of  the 
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tnrfaoe  be  w.  Then  the  irork  eipended  on  thtt  dement 
of  surfm  inll  be 

w'^-hr^*-^^+^y^  («) 

I^tiubeginwith  the  fint  term,  Fvi^S.  P  nuy  be  written 

'•+S'+Sr+§..  /  .  (48, 


end 

Remembering  that  the  surface  of  the  vortex  is  a  closed  one.  so 
that 

and 

lie  find 

SP.«<ii=(g^- J^)v.  ....(«) 

■nd  the  whole  work  doae  on  the  vortex  in  unit  of  time  will  be 

Prop.  VIIL — To  liud  tlie  relations  between  the  alterations  of 
motion  of  the  vortices,  and  the  loi  cc3  1*,  Q,  R  which  they  exert 
on  the  layer  of  particles  between  them. 

Let  y  DO  the  volame  of  a  vortex^  then  by  (46)  its  eaergy  is 

B=^M«'+/8*+7')V,  (51) 

and 

Comparing  this  vslue  with  that  given  in  equation  (50),  we  find 

/dQ    dR  ,  ^  fdR    dV  dl3\ 

"  U        '^''df)  ^^Kd^^lk-^^H) 

*r(f-S-.J).<.   (=3, 

This  equation  bemg  tnie  for  all  values  of  a,  fi,  and  7,  first  let 
fi  and  7  vanish,  and  divide  by  «t.  We  find 

PkU.  Mast,  S.  4u  Vol.  21.  No.  140.  ^^^ri/  1861.  U 
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Similarlyj 


dV 


dB 


and 


1^  '^tU' 


(64) 


From  these  eqaations  we  may  determine  the  relation  betwwtt 


da 


the  alterations  of  motion      &c  and  the  forces  eierted  on  the 

layera  of  particles  between  the  ^rticea^  of,  in  the  language  of 
our  hypothesis,  the  relation  between  ehangea  in  the  state  of  the 
magnetic  field  and  the  electromotive  foroea  thereby  brought  into 


Ln  a  memoir  '*  On  the  Dynamical  Theory  of  Diffraction" 

(Cambridge  Philosophical  Transactions,  vol.  ix.  part  1,  section  6), 
Professor  Stokr««  has  given  a  metliod  by  which  we  may  solve 
equations  (54),  and  find  P,  Q,  and  R  in  terms  ot  the  quantities 
on  the  right-hand  of  those  equations.  I  have  pointed  out*  the 
application  of  this  method  to  questions  in  electricity  and  mag- 
netism. 

Let  us  then  find  three  quantities  U  from  the  equations 

dG  dH 

dH  dV 

dF_dO_ 


(55) 


with  the  coucUtions 


and 


4ar 

dx     dy  ds 


(56) 


Differentiating  (55)  with  rttpeet  to  sad  comparing  with  (54), 
we  find 


dY 


(58) 


*  f'ambriil^M  I'hilosuplucal  TmusctioiiSi  vol.  x.  pvt  1.  sii.  3,  "Oa 

Faraduy  's  Lmca  of  Force." 
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We  liare  thus  determined  three  ^uantitie^i  H,  from  which 
we  can  find  P,  and  R  by  eonsidering  these  latter  quantitiea 
AS  the  rates  at  which  the  former  ones  vary.  In  the  paper  already 
referred  to,  I  have  given  reasons  for  considering  tne  quantities 

G,  H  as  the  resolved  parts  of  that  which  Faraday  has  conjec- 
tured to  exist,  and  has  called  the  pipcirofonic  state.  In  that 
paper  I  have  stated  the  mathematical  relations  between  this  eiec- 
trotonic  state  and  the  lines  of  magnetic  force  as  expressed  in 
equations  (55),  and  also  lictween  the  clectrotonic  state  and  elec- 
tromotive force  as  expressed  in  equations  (58).  We  niust  now 
endeavour  to  in  Leip ret  them  from  a  mechanical  pumt  of  view 
in  connexion  with  our  hypothesis. 

We  shall  in  tiie  first  place  eiamine  the  piooeas  by  whidi  lilt 
Imes  of  force  are  produced  by  an  electric  enneat. 

Let  AB^  PI.  v.  fig.  %,  reptesoit  a  current  <tf  eleetricity  in  the 
direction  from  A  to  B.  Let  the  large  spaces  above  and  below 
A  B  represent  the  vortices^  and  let  the  small  circles  separating 
the  vortices  represent  the  layers  of  particles  placed  between  themi 
which  in  our  hypothesis  represent  electricity. 

Now  let  an  electric  current  from  left  to  right  commence  in 
AB.  'I'lii  row  ut  vortices  above  A-B  will  be  set  in  motion 
in  the  opposite  dire  ction  to  that  of  a  watch.  fVVe  shall  call  this 
direction  -f,  and  that  of  a  watch  — .)  We  shall  supjiosc  the 
row  of  vortices  k  I  still  at  rest,  then  the  layer  of  particles  between 
these  rows  will  be  acted  on  by  the  row  g  h  on  their  lower  sides, 
and  will  be  at  rest  above.  If  they  are  free  to  move,  they  will 
rotate  in  the  negative  direction,  and  will  at  the  same  time  move 
from  right  to  1^  or  in  the  opposite  diieetimi  from  the  eomnt^ 
and  so  form  an  tninced  eleetnc  current. 

If  this  cunent  is  checked  by  the  electrical  resistance  ol  the 
medium,  the  rotating  particles  will  act  upon  the  row  of  vortieea 
kl,  and  make  them  revolve  in  the  positive  direction  till  they 
arrive  at  such  a  velocity  that  the  motion  of  the  particles  is  rednoed 
to  that  of  rotation,  and  the  induced  current  disappears.  If,  now, 
the  primary  current  A 13  be  stopped,  the  vortices  in  the  row  gh 
will  he  t  lu  rked,  while  those  of  the  row  k  I  still  continue  in  rapid 
motion.  The  momentum  of  the  vortices  beyond  the  layer  of 
particles  will  tend  to  move  them  from  left  to  right,  tlmt  is, 
in  the  direction  of  the  primary  current;  but  if  this  motion  is 
resisted  by  the  medmui,  the  mutiuu  o£  the  vortices  beyond 
will  be  gradually  destroyed. 

It  appears  therefore  that  the  phenomena  of  induced  cnrrenta 
are  part  of  the  process  of  communicating  the  rotatory  velocity  of 
the  TOfticea  from  one  part  of  the  fidd  to  another. 

[To  be  continued.] 
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XLV.  Chemical  Notices  from  Forewn  Joumdlt. 

[Continued  from  p.  126.] 

BERNOULLI  has  published  the  result  of  an  investigation  of 
tungsten  and  some  of  its  compounds*.  With  a  view  to  a 
scientific  investigalion  oi  the  alloys  of  this  metal,  his  firbt  endea- 
vour was  to  obtain  the  metal  iu  a  melted  state;  the  result  of 
liis  researches  proveB^  however^  that  all  previoiis  statements  as  to 
the  fusibility  of  pure  tungsten  are  inaccurate.  In  his  experi- 
ments pure  tungstic  acid  was  used ;  the  experiments  were  made 
with  the  furnaces  of  the  Royal  Iron  Foundry  in  Berlin^  where 
he  was  able  to  command  temperaturea  higher  than  any  previously 
used  in  such  experiments. 

In  one  experiment  a  Hessian  crucible  was  used  lined  with 
charcoal,  in  which  there  was  a  cavity  to  receive  the  tungstic  acid, 
and  over  which  there  was  a  layer  of  charcoal  powder.  The  cru- 
cible, provided  with  a  cover,  was  kept  at  a  white  heat  for  nearly 
an  hour.  In  this  way  n  tnetallic  mass  was  obtained  free  from 
carbon,  but  without  any  traces  of  fusion.  In  a  subsequent  ex- 
periment the  Hessian  crucible  was  completely  fused,  and  accord- 
ingly they  were  replaced  by  the  best  American  graphite  cru- 
cibles. Even  these  did  not  resist  the  continnous  heat  of  the 
furnace  for  2^  hours.  A  metallic  mass  was  obtained^  which  was 
caked  together  and  had  some  metallic  lustre.  This  was  heated 
again  with  charcoal  in  a  crucible  protected  in  the  most  complete 
manner ;  and  the  heat  was  greater  than  that  ever  observed  in 
any  puddling  furnace,  so  much  so  that  the  alag  from  the  coke 
dropped  in  a  thin  stream  through  the  grates. 

Notwithstanding  this  great  heat  the  tungsten  had  not  melted, 
although  it  had  sintered  to  a  tolerably  compact  mass.  The 
metal  thus  obtained  was  heated  f  ji-  eiu'htecu  hours  ill  a  por-^ 
Cclain  furnace  without  anv  chaiiire  if  sakiiia:. 

llencc  the  author  concludes  that,  with  our  present  meaus^ 
metalhc  tungsten  is  infusible. 

Eeiiiuulb  also  investigated  the  alloys  of  tungsten  with  uietals, 
especially  iron.  Cast-iron  turnings  were  intimately  mixed  with 
1,  2,  3,  4,  5, 10,  15,  and  20  per  cent,  of  pure  tungstie  aeidj  in 
the  idea  that  the  carbon  of  the  iron  would  reduce  the  acid  to  the 
state  of  metal.  Some  experiments  were  also  made  in  which  a 
larger  per-ccntage  of  acid  was  taken ;  but  in  this  case  some 
powdered  charccml  was  added.  The  mixtures  were  heated  in  a 
graphite  crucible  to  an  intense  white  heat.  With  an  addition  of 
10  per  cent,  of  acid,  the  alloy  had  the  properties  of  steel ;  it  was 
very  sonorous,  had  a  clear  grey  colour,  a  pure  fracture^  and  was 

*  PoggeadorTs  Aiaiatm,  December  I860* 
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malleable.  The  addition  of  15  per  cent,  of  acid  )  ieldtd  au  ulloy 
which  might  be  considered  at  steel.  It  was  very  hard^  but  was 
not  soffideiitly  malkabk.  Wkh  20  per  cent  the  hardness  was 
still  gieaterj  bat  the  malleability  much  less. 

The  iitm  in  these  experiments  was  grey  iron^  and  eontained  a 
considerable  quantity  of  graphite,  and  it  was  found  that  with 
white  iron  a  different  rmlt  was  obtained.  The  experiments 
were  made  in  the  same  way  as  the  previous  ones ;  it  was  found 
that  an  alloy  was  only  formed  when  charcoal  dust  was  added ; 
otherwise  the  tungr?!tic  acid  sintered  toc;ether,  and  very  little  tuni^- 
stcn  combined  with  the  iron.  The  alloy  obtained  with  the  addi- 
tion of  charcoal  had  none  of  the  appearance  of  steel ;  it  was 
white  on  fraetnre,  had  the  structure  of  the  iron  used,  and  was 
imperfectly  malleable. 

With  an  addition  of  tungstic  acid  in  the  proportion  of  75  per 
cent,  no  regulua  was  obtumcd.  Analogous  txpcrimeutij  were 
made  with  the  minerals  Wolfram  and  Scheelite,  and  similar 
results  were  obtained.  The  manganese  present  in  Wolfram  exerted 
a  considerable  influence  on  the  result;  and  with  Schedite  the 
lime  oombinea  with  the  silica  to  form  a  slagi  so  that  the  alloy  is 
purer. 

It  follows  from  these  experiments^  that  it  is  not  the  carbon 
present  in  the  iron  in  a  state  of  chemical  combination  which 
reduces  the  tungstic  acid,  but  that  which  is  mechanically  inter- 
mingled. From  white  cast  iron  no  carbon  is  withdrawn  by  the 
tiHig^tic  acidy  and  accordingly  no  steel  is  obtained  if  charcoal  be 
not  added. 

The  waste  cast-iron  turnings  of  the  worksho})  may  hence  be 
used  for  preparing  directly  a  cast  steel,  to  which  the  tungsten 
imparts  great  iiardness;  or  li  tlie  iron  does  not  contain  too 
much  sulphur,  phosphorus,  or  silica,  a  very  useful  rough  cast 
steel  mav  be  obtained  by  fusing  it  direct)^  with  a  quantity  of 
powderea  Wolfram  proportionate  to  ihe  per-eentage  of  carbon 
which  it  contains. 

The  anthor  determined  the  carbon  in  these  alloys  by  three 
methods.  In  the  first,  a  piece  of  the  alloy  was  laid  upon  a  fused 
cake  of  chloride  of  silver,  and  was  left  for  several  days,  covered 
with  distilled  water.  In  this  way  the  iron  gradually  dissolved ; 
and  when  the  decompo«?ition  was  complete,  the  cnarcoal  and 
tungsten  were  collected  on  an  asbestos  filter,  dried  and  weighed, 
and  then  the  carbon  determined  in  the  usual  way  by  combustion 
with  oxide  of  copper.  In  another  case  the  alloy  was  decomposed 
by  chloride  of  copper,  and  in  a  third  case  it  was  digested  with 
iodine  until  the  noa  w  as  di.>!5olved.  Tn  these  cases  tiic  curbou 
contained  in  the  alloy  amounted  to  about  1  per  cent. 

JtipdimeDts  to  alloy  tungsten  with  other  metals  were  also 
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made.  With  copper^  regnli  were  obliiiied,  whieh^  hmmntt,  nwe 
not  homogeneous ;  the  individual  partieles  eonld  be  diatitiiitl^ 
teen.  In  general  it  was  alio  foimd  that  copper,  lead,  aiiw, 
antimony,  biamnth,  cobalt,  and  niekel  only  became  alloyed  with 
tnngaten  when  the  reduetion  of  the  two  metals  took  pkoe  simul- 
taneooaly.  The  alioya  are  ao  infusible,  tiial,  with  more  than  10 
per  oent.  of  tungsten,  no  reguli  are  obtaiiied,  and  at  a  higher 
temperature  the  more  volatile  metals  escape  and  metallic  tungsten 
is  left  behind.  Iron  differs  in  this  respect  from  other  metals. 
It  alloys  m  all  proportions  nritb  tungsten  j  with  above  bQ  per 
cent.,  however,  the  alloys  are  infusible. 

In  ofder  to  pn  j^are  the  tung:stic  acid  used  in  these  experi- 
ments, powdered  \\  olfram  was  fused  ^vith  excess  of  carbonate  of 
soda  in  an  uuu  crucible,  the  fused  mass  dissoived,  and  boiled  to 
reduce  manganic  acid,  and  iiltcrcd.  The  solution,  which  con- 
aiated  of  tnngstate  and  carbonate  of  soda,  waa  neutnliied  with 
nitric  acid,  and  the  ton^tate  of  loda  crystallised  ont.  Thia  was 
dissdved  and  treated  with  nitric  airid,  and  the  precipitate  of  hf- 
dieted  tnngstio  aeid  was  well  washed*  It  wss  then  dissolved  m 
ammonia,  which  left  a  residue  of  niobie  and  silicic  acida  j  the 
evaporated  liquor  deposited  a  fine  crop  of  crystala  of  tungatate  of 
ammonia.  This  waa  well  washed  with  water,  and  then  repeatedly 
treated  with  fresh  quantities  of  nitric  acid  for  some  days  to 
remove  nitrate  of  ammonia.  The  acid  was  ultimately  washed 
out  and  gently  heated,  by  which  it  was  obtained  of  a  fine  pure 
sulphur-yellow  colour. 

The  author  loiiiul,  in  all  these  experiments,  that  it  was  not 
possible  to  obtain  [Rire  yelhjw  iicul  by  (lirectly  heating  the  tunp:- 
state  of  ammonia,  even  when  lliis  was  dune  under  aecess  of  aii'. 
It  invariably  became  of  a  green  colour.  This  has  been  observed 
before,  and  haa  been  differently  interpreted,  lome  ascribing  it  to 
the  formation  of  a  anboiide,  and  some  to  an  admixtnreof  yellov 
add  and  the  blneozide  W^O^. 

Bernoulli  has  found  that  it  is  a  trae  compound.  When  the 
yellow  acid  was  heated  to  the  highest  tempermtnre  of  a  gas  blow- 
pipe^ it  gradoally  changed  to  a  green  colour,  and  frwn  beinff 
amorphous  became  crystalline.  Similar  results  were  obtained 
by  using:  the  hisrh  temperature  of  a  stoneware  furnace,  which 
has  au  oxidizing  Hame.  The  tniiErstic  acid  ^i^'as  placed  in  suit- 
ably protected  platinum  crucibles,  and  heated  for  ])ei  io(ls  varying 
from  eighteen  to  seventy-two  hours.  A  green  crystalline  mass 
was  obtained,  while  on  the  upper  part  of  the  crucibli  there  were 
smaller  erystals  oi  the  same  colour.  When  the  caked  mass  was 
divided  and  subjected  to  a  further  heat  lor  eighteen  hourt^,  the 
resolt  wia  confirmed ;  part  had  sublimed  in  fine  crystalline  lamina. 

BeraonUi  ■nilysed  these  two  modifioKkions  by  liioctiQa  with 
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kydfogen,  and  found  that  they  had  the  sune  per-c^tege  eom- 
]MtiQii>  WO^.  They  mint  theiefore  be  regarded  as  two  iso- 
meric modificatiooa  ol  the  same  acid,  of  which  the  yellow  is 
iDrmed  both  in  the  moist  and  in  the  dry  way,  but  in  the  latter 

case  only  at  a  low  temperature;  while  the  e^reon  variety  is  only 
formed  in  the  dry  way  and  at  a  hit^li  teni])frature.  Tne  lattt^r 
he  proposes  to  ca!!  pyrotynffstic  acid,  m  antithesis  to  ScheibUn  's 
acid*,  which  is  metatungstic  acid.  Inciudiug  the  ordinary  acid^ 
there  are  therefore  three  varieties. 

Bernoulli  has  made  a  new  determination  oi  the  equivalent  of 
tungsten,  both  by  oxidizing  tungsten,  and  by  reducing  tungstic 
acid.  H«  pbtaiml  leraht  varying  within  very  nanow  limits^ 
which  Ind  to  the  nvinber  98*4  as  that  of  the  equivalent, 
Bttinaa  had  obtained  the  nomher  92 1* 

Bemonlli  finally  diacnaaea  the  formula  of  the  natural  tnng- 
itatea,  and  attempta  to  ahow  that  the  two  modificationa  of 
tungatia  acid  also  occor  in  nature.  He  adduoea  a  gnat  many 
ani^ies  of  Wolfram.  Most  of  them  contain  a  certain  quantity 
of  lime  and  magnesia,  which  he  considers  accidental  constituents. 
But  in  most  cases  a  niobic  acid  is  present — in  the  tungsten  from 
Zinnwald  1*1  per  cent. ;  this  is  to  be  regarded  as  replacing  part 
pf  the  tungstic  aeid,  with  which  it  m  therefore  isoinorphous. 

The  author  haaily  describes  th^  mode  oi  anaiysmg  the  tung- 
sten minerais. 

Engaged  in  investigating  the  methods  of  working  up  the  pla- 
tinum residues  for  the  Ruasian  GoTemment,  Deville  and  Demy 
had  occasion  to  examine  the  different  methods  of  preparing 

oxygen  on  a  lnrs!:;e  Rcnle.  They  find  J  that  sulphate  of  zinc, 
which,  as  a  waste  product,  is  now  so  [ilriitiful,  furnishes  au  eco- 
nomical source  of  this  gas.  ^Mitii  calciiicd  in  au  earthen  vessel, 
it  is  converted  into  light  white  oxide,  which,  when  the  sulphate 
is  ])ure,  uiay  be  used  for  painting.  The  temperature  required 
for  its  decomposition  does  not  exceed  that  necesaary  tor  binoxide 
of  manganese.  The  other  products  of  the  decomposition  are 
Bulphurooa  add  and  oxygen,  which  mav  he  aeparatcd  hy  meana 
of  the  aoltthility  of  the  former  in  alkaliea;  or  the  following 
method  may  be  med,  which  ia  employed  by  the  anthora  for  pre- 
paring oxygen  by  the  decompoaition  of  aulphnric  acid. 

This  body  at  a  red  heat  may  be  decompoaed  into  aulphavona 
add,  water,  and  oxygen,  by  means  of  a  very  simple  apparatna, 
consisting  of  a  retort,  of  about  5  litres,  filled  with  thin  platinum 
foil,  or,  better,  a  serpentine  tube  filled  with  platinum  sponge  and 
heated  to  reduesa.   A  thin  stream  of  sulphuiic  acid  passea  into 

*  niU.Maff.ToL  IX.  p.  274.  f  lUd.  foL  Zfi  p.  211. 

$  GMfMlUadBfyNovaaibariMblMO. 
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tblsapparatas  through  an  S  tube ;  the  products  pass  first  througk 
a  cooler  which  condenses  the  water,  md  then  through  a  waaher 

of  a  special  ibifn.  In  this  way  pure  and  inodorous  gas  is  ob- 
tained, aTid  a  «:f>liition  of  snlphnrons  ncifl,  which  may  be  changed 
either  into  sulphite  or  hyposulphite  of  s()<la^  may  be  used  in 
the  Fiilphuric  Rcid  chambers.  The  ex|n  iisc  of  oxysren  prepared 
by  this  plan  is  very  small ;  for  the  method  consists  essentially  ui 
abstracting  oxygen  fi  oui  the  atmosphere.  Even  if  the  bulpkuroua 
acid  were  not  uiilizcd^  sulphuric  acid  would  still  be  the  cheapest 
source  of  oxygen^  cheaper  even  than  biuoxide  of  manganrte. 

M.  Carr^  has  applied*  the  great  cold  produced  by  theevapo- 
ntkm  of  mdenaed  ammaniMi  gas  to  the  prodnctkm  of  fow 
demet  of  tempenitiire. 

The  appamtua  he  uaea  eonsiats  of  two  ordinary  cylhidrieal 

metal  receivers  connected  by  a  tube.  One  of  these  it  foar  times 
the  size  of  the  other,  and  is  filled  to  three-quarters  its  capacity 
with  the  atrongeat  tolution  of  ammonia.  At  the  time  of  closing 
the  vesseli  care  is  taken  to  expel  all  air.  The  largest  vessel  is 
placed  over  the  fire,  the  smaller  beinc:  inimer«rd  in  cold  water. 
The  solution  IS  heated  to  130'^  or  140°,  the  temperature  being 
indicated  by  a  thermonirtL  r  fitted  in  the  larger  vessel.  At  this 
point  nearly  all  the  annnonia  is  expelled  from  the  solution,  and 
liquefies  in  the  second  retort.  When  the  soparalion  is  complete, 
the  larger  vessel  is  cooled  down  :  the  reabsorption  of  the  liquetied 

Sas  commences  iromediatelv^  and  its  volatiliKation  produces  a 
egree  of  cold  which  readily  freeies  the  water  surrounding  it. 
The  temperature  sinks  to  <-40^;  and  M.  Balard^  who  tried  the 
experiment  at  the  CoU^  de  France,  was  able  to  solidify  mercury. 

Besides  this  apparatus,  M.  Carr^  has  devised  another  form  of 
it,  which  is  contiouons  in  its  action^  but  otherwise  depends  on 
the  same  principle. 

M.  LcroDx,  of  the  ico]c  Polytechnique,  has  made  some  deter- 
minations of  the  refractive  indices  of  vapours  at  high  tempera- 
tures, by  means  of  an  apparatus  constructed  for  that  purpose,  on 
which  M.  Babinett  has  reported  to  the  Academy. 

M.  Duloiig  had  found  that  the  refractive  index  of  oxygen 
was  1-000273;  of  hydrogen,  1000138;  of  mtrogen,  1000300; 
and  of  chlorine,  1*000772,  that  of  air  being  1*000294.  M. 
Leronx  has  found  thai  the  refractive  indicea  of  the  vapours  of 
the  follomng  substances,  saturaied  at  the  ordinary  pressure^  are 

♦  Compffs  Rendus,  December  d4»  1860, 
t  Ibid.  November  26^  ld60« 
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Sdpliiir    .   •   •   .  1*001609 

Fhosphoraa    .   .   .  1*001864 

Amnio   1*001114 

Mereurj    ,   •   •  «  1*000556 

The  apparatus  by  which  these  reanlta  were  obtained  consists 
of  a  very  large  fomace  mounted  on  an  axis,  and  provided  at  its 
lower  pert  with  a  divided  circle,  by  which  it  can  be  inclined  at 
any  angle.  In  the  centre  of  the  furnace  there  is  a  pnam  analo- 
gous to  that  of  Bordnj  employed  by  Bnlon^.  This  prism  is  made 
of  solid  won,  and  tlic  rays  enter  and  emerge  through  glass  plates 
cemented  by  a  method  peculiar  to  M.  Leroux.  The  exact  mea- 
surement of  the  angle  of  the  prism  presents  some  ingenious 
poiiitsi.  As  m  Babinct's  croniometer,  the  lisrht  is  concentrated 
ou  the  prism,  while  tilled  witli  the  vapour,  by  a  telescope,  and  the 
light  on  its  emergence  is  received  on  another  telescope  provided 
ftt  its  foena  with  a  mierometrie  wune.  With  the  fiiat  teleaeope, 
its  distance  from  the  furnace^  the  aiie  of  the  fhraaoey  the  distenoe 
of  the  second  telescope  and  ita  focal  distance^  which  ia  above  2 
mdS|  the  extent  of  this  gigantic  goniometer  is  about  23  feet. 
Tlie  means  of  verifying  the  results  leave  nothing  to  be  deaired. 

Rose*,  in  a  paper  on  the  separation  of  tin  from  other  metals, 
and  on  its  quantitative  cbtimaLiun,  describes  thciuliowmg  method 
of  effecting  these  objects. 

The  aeparation  of  tin  from  other  metals  is  nsnally  effected  by 
oxidation  with  nitric  acid^  so  as  to  convert  the  tin  into  stannic 
acid:  in  certain  caaes^  however^  this  method  gives  inaccurate 
results,  and  can  only  be  said  to  be  quite  successfol  in  the  ease 
of  the  strongly  basic  oxides. 

Another  method  consiata  in  dissolving  the  binozide  of  tin  in 
hydrochloric  acid,  and  precipitating  by  sulphuric  acid.  Both 
modifications  of  binoxidc  are  precipitated  in  this  manner^  in  the 
presence  of  a  large  excess  of  water.  The  precipitates  require  u 
long  time  in  order  to  settle  completely,  more  especially  when 
there  is  a  large  quantity  of  free  hydrochloric  acid.  The  precipi- 
tate must  be  carefully  washed  free  from  hydrochloric  acid  other- 
-w  i&e  wheu  it  ignited  some  tin  escapes  in  the  form  of  chloride. 
The  ignition  is  best  effected  with  the  addition  of  some  carbonate 
of  ammonia* 

In  the  presence  of  certain  substances,  phosphoric  acid  for 
examplci  even  this  method  gives  inaccurate  results.  The  pre- 
sence of  a  large  excess  of  hydrochloric  add  does  not  hinder  the 
precipitation  of  some  phosphoric  acid  along  with  the  binoxide 
of  tin* 

when  tin  is  to  be  separated  from  other  metalai  it  must  be 
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oxidised  witih  nitrio  add  in  tlM  qwuI  mftiioer,  and  the  lendae 

digested  with  moderately  atrong  hydrochloric  acid.  On  the 
addition  of  a  large  quantity  of  water,  all  ia  diaaolved,  and  the  tin 
ia  then  precipitated  with  aulphurie  acid. 

In  the  separation  of  copper  and  tin  hy  the  ordinary  method, 
the  binoxide  always  contains  a  trace  of  copper ;  but  by  the  above 
process  the  ^^eparation  of  the  twometak  ia  complete,  the  binoxide 
ia  quite  tree  trom  copper. 

Tin  and  lead  are  best  separated  hy  fusing  the  alluy  with 
sulphur  and  carbonate  of  potash.  On  treating  the  mass  with 
water,  the  sulphide  of  tin  dissolves.  This  i^i  the  best  method  of 
aualybmg  the  fusible  alloy  of  tin,  bismuih,  aud  lead.  Tiu  and 
•ilver  are  alao  heat  aeparated  in  thia  wav. 

In  an  aeid  aolntion,  tin  and  hiamntn  tie  heat  aeparated  hy 
idphide  of  ammonium. 

The  aepration  of  iron  from  tin  can  only  he  completely  effeeted 
hf  '^'liMwg  the  alloy -with  nitric  acid,  dissolving  in  hydrochloric 
acid,  and  aatninttng  the  hydrochloric  aolntion  with  aulphuretted 
Jhydnigen. 

Tin  is  beat  aepaiated  ^com  titaoinm  hy  meana  of  aulphide  of 

apimonium. 

The  separation  of  the  oxides  of  tin  from  magnesia  and  the 
alkaline  earths  is  best  effected  by  igniting  them  with  sal- 
ammoTiiac,  by  which  the  tin  escapes  as  clilondc.  In  general  all 
the  till  is  ex]iel]ed  by  one  ignition ;  but  two  are  always  amply 
sufficient  to  remove  the  last  traces  uf  tin. 

In  the  analysis  of  minerals,  the  separation  and  estimation  of 
tin  ia  best  effected  hy  converting  it  into  the  oxide.  The  voln- 
metric  analysis,  however,  is  very  convenient  for  the  determina- 
tion of  the  tin  in  tin-salts.  The  ordinary  method  is  to  convert 
the  protochloride  of  tin  in  hydrochloric  acid  solution  into  the 
bkhioride  by  means  of  oxidizing  agents,  such  as  permanganate 
or  bichromate  of  ])otash.  But  protochloride  of  tin  absorbs  atmo- 
spheric oxygen,  even  during  the  determination,  to  such  an  extent 
as  materially  to  vitiate  the  results  of  analyses. 

Slrumeyer*  has  observed  that  good  results  are  obtained  by 
tiie  addition  of  seaouichloride  of  iron  in  exceaa  to  the  freshly 
prepared  aolntion  of  tin  in  hydrochloric  acid*   The  naetioB  ia  aa 

8n  C1+ Va^  CPs  8p  CP+2Fa  CL 

The  protochloride  of  iron  formed  ia  determined  hy  permanga- 
nate; and  as  it  ia  not  nearly  ao  anaceptibb  to  atmoipherie 
oxygen  as  protochloride  of  tin,  mneh  more  aocoiate  xeanlta  «re 
obtained. 

*  Liabig'a  JaaaiWj  Wawaqr  1861. 
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Tin  may  also  be  directly  dissolved  in  sesquichlonde  of  iron  to 
which  hydrochloric  acid  has  been  added, 

Sn  +  2Fe«  Cl»=  Sn  Cl«  +  4Fe  CI. 

But  this  method  is  only  available  with  tolerably  pure  tin ;  for 
many  other  metals  reduce  perchloridc  of  irop.^  and  consume 
Miution  of  permanganate* 

There  are  several  ompoands  whidi  have  the  ibrmnla  C*H^G1^« 
One  of  these  is  obtained  by  the  action  of  pentachloride  of  phoa« 

pborus  on  aldehyde,  and  another  by  the  action  of  chlorine  on 
ehlorinated  ethyle.  Beilstein  observed  some  time  eg^o  that  these 
two  bodiea  weie  identicalj  and  he  has  recently  proved*  that  the 
iame  is  the  case  with  two  corresponding  isomeric  compounds  of 
the  benzoic  acid  series:  the  one,  chlorobenzole,  C^*H®C1*,  is 
obtained  by  the  aetioii  of  pont;ichloride  of  phosphoni!^  on  oil  of 
bitter  almonds ;  aud  the  other  is  the  chlorinated  chloride  of  ben- 
ayle,  C^^ir^  Cl)  CI. 

The  latter  body  ij*  formed,  as  Canni/ai  o  showed,  by  the  action 
of  chlorine  on  toluole ;  and  Beilstein  used  this  method  of  pre- 
paring it.  He  finds  that  it  has  all  the  physical  properties  of 
chlorobeniole.  A  carefal  oompaiittm  wao  of  tne  chemical 
actions  of  the  two  anbstancetj  both  by  his  own  dvect  ezperi- 
menta  and  by  those  of  other  ezperimenten,  leave  no  donbt  aa  to 
the  complete  identity  of  the  two  anbstancea, 

Rehoul  has  publish^f  the  results  of  a  lengthened  and  im- 
portant investigation  on  some  derivatives  of  glycerine.  The 
compounds  which  the  author  describes  raav  be  derived  from  an 
oxygenized  body,  glycide,  O'*,  which  has  not  been  isolated, 

and  which  might  be  considered  as  the  anhydride  of  glycerine,  to 
which  it  would  bear  the  same  relation  as  lactida  £es  to  lactic 
acid.  It  would  play  the  part  of  a  diatomic  aloohcli  and  would 
yield  a  series  of  etMrs^  the  general  focmation  of  which  may  be 
thus  eipressed:— 

C«     0^  +  A  A'  -  2  H«  0^ = C«  H«  A  A', 
A  and  A/  representing  the  formulae  of  monobasic  acids. 

The  starting-point  for  his  research  is  kydrochlonc  ylycide,  ob- 
tained by  the  action  of  potash  on  bihydrochloric  glycerine^ 
H'CrO*,  whidi  nmply  removes  hydroehlorio  acid, 

()•  H<C1«0«-HC1=C«  H»  C10«. 
Bihydrochloric  glycLTine  itself  is  formed  by  saturating  a  mix- 

*  Liebig's  AnnakUt  December  1860. 

t  Anualei  de  ChimU,  September  1860.  R^aert(nfe  de  Chimie,  Norember 
1860. 
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tore  of  glycerine  and  acetic  acid  with  gaseous  hydrochloric  acid. 
The  chief  prodact  of  the  action  is  bi hydrochloric  glycerine^ 

which  may  be  separated  by  fractional  distillation ;  or,  by  heat- 
ing the  crnde'product  with  rmistic  potash,  hydrochloric  glycide 
is  directly  obtninrd.  1 1  is  a  colourless  liquid,  heavier  than  water, 
and  smelling  like  chloroform.  It  boils  at  11 8** — 119^:  it  is 
inctamenc  with  Geuther's  hydrochlorate  of  acroleine,  with 
Kiche'h  monoclilormated  acetone^  and  with  chloride  u£  pro- 
piomde. 

Monohydrochloric  glycide  combines  directly  with  fuming  hy- 
drochlonc  acid  to  form  mkgiroekhric  glycide,  01^ :  thuboqy 
mav  also  be  formed  by  acting  on  hydrochbric  glycide  with  pen* 
taddoride  of  phosDhonu,  an  action  which  givea  ziae  to  the  fbrmac 
tion  of  trihydrodiloric  glycerine;, 

€•  H»  C10«+ PCP«C»  H*  C1»+PCP0« ; 

Hydfodihirie  Trihydrochioric 
glycide.  glycerine. 

and  this,  decomposed  by  potash^  loaea  hydroehlorie  add^  and  the 
new  body  ia  formed^ 

C»H»CP-Ha«C«H*CI«. 

This  body  is  identical  with  what  fierthelot  has  called  epibrom- 
bydrine.  It  ia  metameric  with  bicblorinated  propylene,  and 
with  Genther'a  chloride  of  acroleine.  Similar  componnda  con- 
taining bromine  and  iodine  were  alao  obtained. 

By  the  action  of  ammonia  on  bihydrochloric  glycide  a  ba%  ia 
formed,  which  the  author  conaidera  identical  with  that  obtained 
by  the  action  of  ammonia  on  terbromide  of  allyle. 

Hydrochloric  glycide  unites  directly  with  the  oxyacids  to  form 
a  p'ly eerie  ether,  contaiuing  an  equivalent  of  oxyacid  and  of  hy- 
dntcid.    Thus, — 

C«     C10«+  C<  H«  (C*  W  0«)  C10<. . 

Ilydrochlorie      Acetic  Acetohydrochloric' 

glycide.  acid.  glycerine. 

By  the  action  of  water,  hydrochloric  glycide  fixes  two  equi- 
valentSf  and  monohydrochloric  glycirinc  is  formed 

C«  W  C19« + H«  0««  C«  IF  C10^ 

Hydrochloric  Monohydrochloric 
glycide.  glycerine. 

By  the  action  of  aloohi^  the  hydrochloric  componnda  of  glycide 
are  transformed  into  mixed  glyceric  ethers,  containing  an  equi- 
Talent  of  acid  and  an  equivalent  of  alcohol, 

H*  C10«+ C*  H«  0««    H«  CI  (C*  H*)  0«. 

Hydrochloric     Alcohol.  Hydrochloric 
gijrddc  etbylglycerinc 
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V^M  theae  bodies  aw  tmted  willi  poteih,  hydrochloric  acid  is 
xemoved,  and  the  resultant  compound,  ethylglyeUe^  is  a  glycide 
flomtainiiig  the  aleolid  radical  in  the  place  of  an  eqnifalent  of 
l^drogen:-^ 

C«  H<  (C*  H»)  C10*-HC1«C*  H*  (C*  W)  0«. 

Hydrochloric  Ethy^lyeido, 

ethylglycerine. 

Ethylglycide  is  a  mobile  liquid  boiling  at  128°.  When  treated 
with  hydrochloric  acid,  it  yields  thecompoundC^H^(G*H*)C10^ 
If  the  compound  hydrochloric  a myl glycerine  be  treated  with 
ethylate  of  soda,  ethylamylglycerine  is  formed.  Thus,— 

H«  (C^  H»)  C10*+C*  H*  NaO««C«     (C»o  H")(C^  H*)0»+NaCa. 
Hydrochloric  Ethylate  £thyhuiiylgiyceniie. 

amylglycennfti  of  soda. 

The  glyceric  ethers  containing  two  equivalents  of  the  same  aeid 

are  only  a  pnrticiilnr  case  of  this  reaction. 

Wlieri  hydrochloric  glycide  is  acted  upon  by  hydrosulphate  of 
8ul()hick  ot  potassiomi  a  compound  is  obtained  analogous  to 
mercaptan^ 

C«     C10«  +  KS  HS = KC1+        S«  0«. 
Hydrochloric  ,  New  body, 

glydde. 

A  second  mercaptan  in  this  series  is  doubtless  formed  by  the 
action  of  dihydroehloric  glveide  on  hydrosulohate  of  snJphrae  of 
potassium,  and  which  wonld  ha?e  the  formiua  S^. 


XJjVI.  On  the  existence  of  a  new  Element,  probably  of  the 
Sulphur  Group*   By  William  C&ookes^  F,C.8*. 

IN  the  year  1850  Professor  Hofmann  placed  at  my  disposal 
upwards  of  10  lbs.  of  the  seleniferous  deposit  from  the 
sulphuric  acid  manufactory  at  Tilkerode  in  the  Harts  MoontainSi 

for  the  purpose  of  extracting  from  it  the  selenium,  which  was 
afterwards  employed  in  an  investigation  upon  the  selenocyanidesf. 
Some  residues  which  were  left  in  the  purification  of  tiie  crude 
selenium^  and  which  from  their  reactions  appeared  to  contain 
tellurium,  were  collected  together  and  placed  aside  for  examina- 
tion at  a  more  convenient  opportunity.  They  remained  unnoticed 
until  the  beginning  of  the  present  year,  when,  requiring  soiae 
tellurium  for  experimental  purposes,  I  attempted  its  extraction 
from  these  residncs.  Knowing  that  the  spectra  of  the  incandescent 
Tapours  of  both  selenium  and  teUoiium  were  free  from  any 

*  Oommanieated  by  the  Author. 

t  Chem.  Soc.  Quart.  Joum.  vol.  iv.  p.  12,  and  GsMlin's  Hsadbook 
(CnmUah  Soc  TnuialatioD),  vol.  viii.  p.  122. 
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•troiigly-marked  line  which  might  lead  to  the  identification  of 
eitlier  of  these  elements,  it  was  not  until  I  had  in  vain  tried 
Tiunierous  chemical  methods  for  isolating  the  tellurium  which  I 
supposed  to  be  present,  that  the  method  of  spectrum-analysis  waa 
used.  A  portion  of  the  residue,  introduced  into  a  blue  gas-tiame, 
gave  abundant  evidence  of  selenium ;  but  as  the  alternate  light 
and  dark  baiids  due  to  this  element  became  iaintcr,  and  I  was 
expecting  the  appearance  of  the  somewhat  similar^  but  doaer^ 
binds  of  tellttrium^  suddenly  ft  hri^ht  areen  Hne  flashed  into  view 
uid  as  auickly  disappeared.  An  isolated  green  line  in  this  poN 
tion  of  uie  spectrum  was  new  to  me.  I  had  become  Intimatdy 
acquainted  with  the  appearances  of  most  of  the  artificial  spectra 
during  many  years'  tnTestigation,  and  had  never  before  met  with 
a  similar  line  to  this ;  and  as  from  the  chemical  processes  through 
which  this  residue  had  passed  the  elements  which  could  possibly 
be  present  were  limited  to  a  few,  it  became  of  interest  to  diseover 
which  of  them  occasioned  this  green  line. 

After  numerous  ixperinunts,  I  have  been  led  to  the  conclu- 
sion that  it  is  caused  by  the  presence  of  a  new  element  belong- 
ing to  the  sulphur  group ;  but,  unfortunately,  the  quantity  of 
material  upon  which  I  liave  been  able  to  experiment  has  been 
so  small,  that  1  hesitate  to  assert  this  very  positively.  1  am,  how- 
ever, at  work  upon  some  of  the  seleniferous  deposit  itself,  and 
liQpo  shoitlir  to  be  able  to  speak  more  confidently  upaa  this 
pomt,  as  weU  as  to  give  some  aceoant  of  its  properties* 

In  the  purest  state  that  I  have  as  yet  succeeded  in  obtaining 
this  substance,  it  eommunicatea  as  definite  a  reaction  to  the 
fiame  aa  soda, — tbe  smallest  trace  introduced  into  the  burner 
of  the  spectrukn  apparatus  giving  rise  to  a  brilliant  green  line, 
perfectly  sharp  and  well-defined  upon  a  black  ground,  and 
almost  rivalling  the  Na  line  in  brilliancy.  It  is  not,  however, 
very  lasting :  owmg  to  its  volatility^  which  is  almost  as  great  as 
selenium,  a  portion  introduced  at  once  into  a  flame  merely  shows 
the  line  as  a  bniiiant  tiash,  remaining  only  a  fraction  of  a 
second;  but  if  it  be  introduced  into  the  flame  graduaUy^  the 
line  continues  present  lor  a  much  longer  time. 

The  properties  of  the  substance,  both  in  solution  and  in  the 
dry  state,  as  nearly  aa  I  can  make  out  from  the  small  quantity 
at  my  disposal,  are  as  follows  * 

1,  It  is  oompletdy  volatile  below  a  red  beat»  both  in  the 
elementary  state  and  in  combination  (eicept  when  muted  with 
a  heavy  Bxed  metal).  2.  From  iu  hydrochloric  solution  it  is 
leadily  precipitated  by  metallic  zinc  in  the  form  of  a  heavy  blacl^ 
powder,  insoluble  in  the  acid  hquid.  3.  Ammonia  added  my 
gradually  until  in  slight  excess  to  its  acid  solution,  gives  no  pre- 
cipiteto  or  coloration  whatever,  neither  does  the  addition  of  oai^ 
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bonate  or  oxalato  of  mnomft  to  this  olktliiie  loluftioii*  4»  Jhf 
chlorine  pused  over  it  at  a  dull  red  heat  unites  with  it^  fomlinK 
a  readily  foktile  chloride  soluble  in  water.  5.  Snlphuietted 
hydrogen  passed  through  its  hydrochloric  solutum  precipitates 
it  incompletely,  unless  only  a  trace  of  free  acid  is  present ;  but 
in  an  nlkaline  solution  an  immediate  precipitation  of  a  heavy 
black  powder  takes  place.  6.  Fused  with  carbonate  of  soda  and 
nitre,  it  becomes  soluble  in  water, — hydrochloric  acid  added  in 
excess  to  this  liquid  producing  a  solution  which  answers  to  the 
above  tests  2,  3,  and  5. 

An  examioattoii  of  these  reactions  shows  that  there  are  very 
few  elements  which  could  by  the  remotest  possibility  be  mil- 
taken  Ibr  it 

The  aoeompanyiug  list  indiides  every  dement,  with  the  ex- 
ception of  the  gases,  bromine,  iodbe,  and  carbon*  Opposite  the 
name  of  each  I  have  placed  the  number  of  the  veaction  whieh 
eliminates  it  from  the  list  of  possible  substances,  taking  great 
eare,  in  every  case,  to  give  the  benefit  of  any  doubt  whieh  might 
ariic,  on  account  of  an  imperfectly  known  or  doubtful  reaction^ 
in  favour  of  the  opposite  opinion  to  that  which  I  desire  to  prove, 
and,  m  cuses  where,  several  reactions  would  prove  the  same  things 
only  making  use  of  the  most  trustworthy. 


1,  0.  Almniniiim. 

Antimony. 
Ananie^ 

%  3,  5.  Barium. 
2,  a,  6.  Ber^'llmm, 
LBiikuth, 

1,  2,  6*  BofOB* 

6.  Cadmium. 

2,  5.  Cmsium. 

2,  3;  6.  Calcimn. 
1, 0>  OsrimiL 

J.  CbromiunL 

1.  Cobalt. 

1.  Conper. 
1,  (.  Dia^rmimn. 
L  5.  ErfoiunL 

1.  Gold. 

L  Hmeninni. 


1.  Iron. 
L  Lanthanium. 

L  Lead. 
S^ft.  Lithium. 
j^S.  Maopncsium. 

1.  Manganese. 
3,  6.  )f  ttpcuty* 

1.  Mo!\1)i:f.'niiin. 

1.  Kicicel. 

L  Niobium. 

L  NorimiL 
Osmium. 

1.  Palladium. 

5.  Phosphorus. 

1.  JPlatiiiiim. 
9f  6.  Potasf^iium. 

1.  Rhodhim. 

1.  Kuthenium. 


Selenium. 
1, 9.  flilinium. 
|.  Silver. 

2,  5.  Sodium. 
2gB,6.  Strontium. 
6.  Sulphur. 
L  Ttatafom. 

Tellurium. 
1;  5.  Tfrbimn. 
1.  5.  'l  iiorium. 
L  Tin. 
1.  TitAnium. 
L  Tunp^taa. 
1.  Uranium. 
1.  Vanadium. 
1;  6.  Yttriem. 

2  Zinc. 
1;  5.  Zirconium. 


L  IridiimL 

There  are  therefove  left  the  following,  amongst  which,  if  atrea^ 
known,  it  most  occur : — antimony,  arsenic,  osminm,  sdenion^ 
and  tellurium ;  and  although,  to  my  own  mind,  many  of  the  re- 
actions detailed  above  axe  sufficient  proof  that  it  cannot  he  one 
of  the  first  three  dements,  yet  I  have  tliought  it  better  to  let 
them  paas. 

Kach  of  the  above  five  bodies,  both  in  the  elementary  state 
and  in  combination^  has  been  xigidly  scrutiniaed  in  the  spectnua 
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ftppantas  by  mytdf  and  many  ftiends.  Not  a  traee  of  audi  a  line 
is  shown  by  either  of  them  in  the  green  part  of  the  spectram^— 
Antimony, arsenic^ and  osmiam^in  fact,  giving  continuous  spee^ 
In  which  every  ookrar  is  visible.  The  remaining  el^ents^  sele- 
nium and  tellurium,  might  almost  be  dismissed  unchallenged, 
inasmuch  as  T  was  first  led  to  the  examination  b}'  finding  that  it 
was  not  cither  of  these.  Nevertlielesa  I  have,  as  stated  at  the 
commencement  of  this  paper,  repeatedly  examined  their  spectra, 
and  find  no  trace  of  sucli  a  line,  the  alternate  lip^ht  and  dark 
bands  in  iht  almost  continuous  spectra  of  selenium  and  tellurium 
forminp:  in  fact  so  strong  a  contrast  to  the  one  single  green  ray 
of  the  new  substance,  that  the  latter  may  readily  he  detected  in 
the  presence  of  an  enormous  excess  of  either  of  the  former. 

In  order  to  remove  any  remaining  doubt  vhieh  there  might 
be  aa  to  the  green  line  bong  due  to  any  of  the  dementa  men- 
tioned in  the  above  liaty  I  havc^  moreover,  apeeially  examined  the 
snectia  produced  by  each  of  theae  bodiea  in  detafl^  either  in  their 
elementary  state,  or  in  their  most  important  compounds.  Many 
of  them  give  nse  to  spectra  of  great  and  characteristic  beautyj 
but  none  give  anything  like  the  green  line  j  nor,  in  fact^  is  there 
any  artificial  apectrumi  except  that  of  aodiumi  which  eqnala  it  in 
simplicity. 

There  still  may  be  urg:ed  the  possibility  of  its  being  a  compound 
of  two  or  more  known  elements,  or  an  allotropic  condition  of  one 
of  them;  a  moment's  thought,  however,  will  ^how  tiiat  neither  of 
these  hypotheses  is  tenable.  Theywuuld  in  reality  prove  wliut 
the^  arc  raised  to  oppose  j  for  nothing  less  could  iolluw  than  a 
veritable  tranimutation  of  one  body  into  another^  and  a  conse- 
quent annihilation  of  all  the  groundwork  upon  whieh  modem 
acience  is  based.  If  an  element  can  be  so  changed  aa  to  have 
totally  different  chemical  reactionsj  and  to  have  tke  spectrum  of 
ita  incandescent  vapour  (which  ia^  par  exceUence,  an  dementaiy 
property)  altered  to  an  appearance  totally  unlike  that  given  by 
ita  RHTmer  aelf,  it  must  have  been  (dianged  into  aomethii^  which 
it  originally  waa  not.  This,  in  the  present  position  of  acienoej  ia 
an  absnrflity. 

The  method  of  exhaustion  which  I  have  ntlfiptcd  to  prove 
the  elementary  character  of  the  body  which  cominumcates  this 
green  line  to  the  spectrum  of  the  blue  gas-fiame*,  may  seem 
unnecessary  as  well  as  unchcmical  in  the  present  state  of  the 
science;  1  was  obliged,  however,  to  rely  upon  what  I  may  call 
circumstantial  evidence  of  its  not  beuig  a  known  element^ 
owing  to  the  very  small  quantity  of  sobstence  at  my  command 

*  I  need  scarcely  add  that  tht  hnc  is  quite  distmct  from  either  of  the 
green  or  blue  lines  seen  lu  a  gus<tiamc  which  is  undergoing  complete  com^ 

oostkm.  It  is  moieover  fiyr  mora  briUiaiit  ttun  tfaese» 


Digilizcu  by  Google 


4 


Qtuiogicai  iSoeusty,  -  805 

(I  bdieve  I  ovamtimate  the  amoimt  which  I  have  as  yet  oh- 
taioed^  at  two  graina),  which  pveduded  me  horn  trying  many 
veactiona*  The  method  of  metrum-analysis  adopted  to  prove 
the  same  het,  although  pemctly  eonduaive  to  my  own  mind^ 
might  not  have  been  lo  to  others,  nnsopported  by  chemical 
evidence. 

The  followinpr  diap^ram  will  serve  to  show  the  position  in  the 
speetnim  which  the  new  green  liae  occupies  with  r^pect  to  the 
two  lithium  and  the  sodium  lines. 

lio  U$  Naa 


Green  Line. 

For  confirmatory  experimenta  on  many  of  the  ohservatioiis 
mentioned  in  this  paper^  I  am  indebted  to  my  friend  Mr*  C. 
Greville  Williams.  The  detailed  enminatioa  of  the  various 
apectm  are  at  present  being  jointly  pursued  by  us,  and  will  be 
published  as  soon  aa  completed. 


XLVII.  Proceedings  of  Learned  Societies, 

OBOLOOICAL  SOCIETY. 

LCoutinctl  from  p.  238.] 

January  28.  1861. — L,  Homer,  Bsq.,  Prendent,  in  the  Chair, 

T^HE  following"  communications  were  read  : — 

1.  "On  the  Gravel  and  Boulders  of  the  Funjub.*'  By  J. 
D.  Smithe.  Esq.,  F.G.S. 

In  the  Phimgota  Valley  (a  continuation  of  the  great  Kangra  or 
Pklum  VaUey)  the  drift  coiisisti  of  sand  and  shingle  with  boulders  of 
gneiss,  schist,  porph3rry,  and  trap,  from  6  inches  to  5  feet  in  diameter. 
Some  of  the  boulders,  having  a  red  ritrcous  glaze,  occur  in  irregular 
beds.  This  moraine-like  drift  lios  on  tlie  tertiary  beds,  which,  here 
dipping  gently  towards  the  plains,  gradually  become  vertical,  and 
are  succeeded  by  variegated  compact  sandstones,  gradually  inclining 
away  from  the  plains ;  next  come  various  sktes,  at  a  high  angle ;  and 
gneissic  rocks  he  inmiediately  over  them. 

'2.  "On  Ptf^ra^pi.t  Dunens!!^  (  frchaoteutkiM  DtmouiSt  Boemer)." 
By  Prof.  T.  H.  Huxley,  F.R.S..  Sec.  G.S. 

The  fos?il  referred  to  it)  this  communication  is  from  Daun  in  the 
Eifcl.  and  was  described  by  Dr.  Ferd.  Hoeracr  (in  the  '  Palaeonto- 

PhiL  Mag.  S.  4.  Vol.  21.  No.  140.  ApHl  1861.  X 
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gnphioa/  vol.  iv.  p.  72«  pL  13)  as  belonging  to  tho  naked  Cepha* 

lopods.  under  the  name  of  Pulccotmthis  Dunensis  (changed  to  Archao- 
teuthis  in  the  '  LoHi.  Geogn.');  and  in  the  Jahrb.  1858,  p.  55,  Dr. 
F.  RoeiiKr  described  a  second  specimen  from  Wassennach  on  the 
Laacher  See.  Prof.  Huxley  reproduced,  with  remarks.  Dr.  Roemer's 
descriptioii  of  the  apectmenB ;  and,  after  obterving  tiiat  Mr«  S.  P. 
Woodward  had  already  suggested  (Manual  of  Mollusca.  p.  417) 
tiiat  Roeroer's  fossil  was  a  fish,  he  stated  his  conviction  that  it  was 
really  a  Pfprasph,  agreeing  in  nil  e?scntinl  particulars  with  the 
British  Ptertupides,  though  possibly  of  a  different  species. 

3.  "  On  the  '  Chalk- rock  '  lying  between  the  Lower  and  the  Upper 
Chalk  in  Wilts,  Berks,  Oxon,  Bueks»  and  Herts.'*  By  W.  Whitaker, 
Esq.,  B.A.,  F.O.S. 

The  author  has  more  particularly  examined  the  band  which  he 
terms  "  Chalk-rock"  on  the  northern  side  of  the  western  part  of  the 
London  Basin.  Here  it  has  its  greatest  thickness  (12  feet)  to  the 
west,  gradually  thinning  eastward.  It  is  a  hard  cluilk,  dividing  into 
blocks,  by  Joints  perpendicular  to  the  bedding ;  and  it  contains  hard 
calcareo-phoBphatie  nodules.  It  contains  no  flints :  and  in  the  di* 
atriot  referred  to  none  oconr  below  it;  bnt  there  is  often  a  band 
of  them  resting  on  ita  upper  surface.  It  seems  to  form  an  exact 
boundary  between  the  Upper  and  the  Lower  Chalk,  being  probably 
the  topmost  bed  of  the  latter.  In  this  case  it  will  often  serve  as  an 
index  of  the  relative  thickness  of  these  divisions,  or  as  a  datum  for 
the  measurement  of  the  extent  of  denudation  that  the  Upper  Gh^ 
haa  sufiered.  North  of  Marlborough,  where  it  is  thick,  the  Chalk- 
lock  appears  to  have  given  rise  to  two  escarpments  (an  upper  and  a 
lower)  to  the  western  portion  of  the  Chalk  Range. 

Fossils  are  usually  rare  in  this  bed;  but  Mr.  J.  Fvan?,  F.G  S., 
collected  several  from  it  near  Boxmoor;  and  ai^mnE^st  them  the 
genera  Belosepia  (hitherto  known  only  as  Tertiary),  Jiaculites»  Nau^ 
'  tiku,  7\trrUUe$,  Soktriumt  Jnoceramus,  Parasmliat  and  VentricuUtet 
are  represented;  and  the  following  species  have  been  identified— 
Litorina  monilifera  and  a  new  species,  Plf  urotomaria  sp.,  Myacitm 
Mandibuh,  Spcndylus  latus,  Sp.  spinosus,  Rifncknidla  MtuUeiiuma, 
Tenbraiuia  b^pUcata,  and  T,  Memiglobosa* 


February  6, 1861.^ — L.  Horner,  Esq.*  President,  in  the  Chair. 
The  following  communication  was  rMd 

"  On  the  Altered  Rocks  of  tlie  Western  and  Central  Highlands," 
By  Sir  R.  I.  Muiohison,  F.R.S.,  V.P.G.S.,  and  A.  Geikie,  Esq., 

F.G.S. 

In  the  introduction  it  was  shown  that  the  object  of  this  paper  was 
to  prove  that  the  classification  whidi  had  been  previously  established 
by  one  of  the  authors  In  the  county  of  Sutherland  was  applicable, 
as  he  had  inferred,  to  the  whole  of  the  Scottish  Highlands.  The 
structure  of  the  country  from  the  borders  of  Sutherland  down  the 
western  part  of  RoBS*shire  was  detailed,  and  illustrated  by  a  large  map 
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of  Scotland  coloured  according  to  the  new  classification,  and  by 
niimeroiu  sectioiis.  Bverywhere  tfarouglunit  this  tract  it  could  be 
proved  that  an  older  gneiss,  which  the  authors  called  **  Laurentian," 
was  overlain  unconformably  by  red  Cam))rian  sandstones ;  these  again 

uncoTiformably  by  quartz-rocks,  limestones,  and  a  gneissose  and 
Bcliistose  series  of  strata,  as  previously  shown  in  the  typical  district  of 
Assynt.  From  the  base  of  these  quartz-rocks  a  perfect  conformable 
sequence  was  shown  to  eiust  upward  into  the  tfneissose  rocks,  which 
is  not  obtitnuted  by  granite  or  any  sioiilat-  roA, 

Hie  tract  between  the  Atlantic  nnd  the  Great  Glen  c  msisis, 
according  to  the  authors,  of  a  series  of  convoluted  folds  of  the  upper 
gneissose  rocks,  until,  along  the  line  of  the  Great  Glen,  the  under- 
lying quartzose  series  is  broiiGrht  up  on  ;m  finticlinal  axis.  A  pro- 
longation of  this  axis  probably  exists  along  part  of  the  west  coast  of 
Islay  and  Jura,  two  istands  which  exhibit  a  grand  derelopmeat  of 
the  lower  or  quartsose  portion  of  the  altered  Silurian  rocks  of  the 
Highlands. 

From  the  line  of  the  Great  Glen  north-eastward  to  the  Highland 
border,  the  country  was  exphiined  as  cnn«i?tin2;  of  a  great  series  of 
anticlinal  and  synclinal  curves,  whereby  the  same  serie«  of  altered 
rocks  which  occurs  uu  the  north-west  is  repeated  upon  lUsclf.  One 
synclinal  runs  in  a  N.B.  and  S.W.  direction  across  Loch  lieven. 
The  anticlinal  of  quartzose  rocks  that  rises  from  under  it  to  the  S.B. 
spreads  over  the  Breadalbane  Forest  to  the  Glen  Lyon  Mountains, 
where  it  sinks  below  the  upper  gneissose  ?trntn  with  their  ae?ociated 
limestones.  Ben  I^awers  occtipies  the  synclinal  formed  by  these 
upper  strata ;  and  the  limestones  and  quartz-rock  come  up  again  in 
another  anticlinal  axis  corresponding  with  the  direction  of  Loch 
Tay.  The  continuity  of  these  lines  of  axis  was  traced  both  to  tiie 
N.E.  and  S.W. 

It  thus  appeared  that  the  crystalline  voeks  of  the  Highlands  are 
capable  of  rrdnction  to  order ;  that  the  eftme  curves  and  fold?  could 
be  traced  in  them  as  in  their  less  altered  efjuivalents  of  the  South  of 
Scotland ;  and  that  in  what  had  hitherto  appeared  as  little  else  than 
a  hopeless  chaos,  there  yet  reigned  a  regular  and  beautiful  simplicity. 

In  conclusion.  Sir  Roderick  Muicbison  vindicated  the  aceoraef 
of  his  published  sections  in  the  N.W.  of  Sutherland,  which  had 
been  approved  after  personal  inspection  by  Professors  Ramsay  and 
Harkness  ;  and  he  gave  detailed  reasons  for  disbelieving  the  accu- 
racy of  the  sections  recently  put  forth  by  Prof.  Nicol,  which  were 
Intended  as  corrections  of  his  own.  He  concluded  by  a£drniing 
fliat»  tiirough  the  aid  of  Mr.  Geilde,  the  proofs  of  the  truthfol- 
ness  of  his  own  sections,  showing  a  conformable  ascending  order 
from  the  quartz-racks  and  limestones  into  crystalline  and  micaceous 
rocks,  had  now  been  extended  over  such  large  SVeas  that  there  COtthl 
no  longer  be  any  misgivings  on  the  subject. 

Febniarf  SO.  1861.— Homer,  Esq.*  President,  in  the  Chair. 

The  following  oomnunieatlons  were  read : — 
I,  *'  On  die  GcMncidence  between  Stratlficatiofi  and  Poliaticfn  iu' 
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the  CryrtaUiae  Roekt  of  the  Highlands."   By  Sir  R.  I.  MoiduMm. 

V.P.G.S.,  and  A.  Geilcie,  Esq.,  P,0.6. 

Allusion  was,  in  the  first  place,  made  to  the  early  opinions  of 
Hutton  and  MaccuUoch,  "v^  ho  rc  i;arded  the  ^ipi«?5c  nnd  ^chi^to^e 
rocks  of  the  Highlands  as  stratitied.  Mr.  Darwm'fe  views  of  tbf  na- 
ture of  the  "  foiiatioQ  "  of  gneiss  and  schist  were  then  referred  to  ; 
and  it  was  imuaCed  that  this  oondition  was  not  to  be  found  in  the 
rocks  of  the  Highlands, — the  so-called  foliation"  which  the  lata 
Mr.  D.  Sharpe  bad  described  in  1846  as  characterizing  the  crystal- 
line rocks  of  that  country  being,  according  to  the  author?,  really 
mineralized  etralitication.  It  was  then  pointed  out  that,  a«  Prof. 
Sedgwick  had  previously  insisted  on  the  wide  difference  between 
"  foliated  "  or  **  schistose  '*  and  "  cleaved  "  or  "  slaty  "  rocks,  and  as 
Prof.  Ramiay  had  in  1640  recognized  interlaminated  quartz  as  being 
parallel  to  stratification  in  the  Isle  of  Arran,  "  foliation  "  should  be 
regarded  as  coincident  with  stratification,  and  not  with  deavage,  in 
the  Scottish  Hii^hlands. 

After  some  observation'-  on  the  occurrence  of  cleavncre  in  elates 
at  Dunkeld,  Easdale,  Haliahulish,  and  near  the  Spittai  ot  (iienshee, 
the  autbore  stated  Uieir  belief  that  all  the  "  foliation  "  of  the  cry- 
stalline rocks  of  the  Hi|fhlands  is  nothing  more  than  laminatbn  due 
to  the  sedimentary  origin  of  deposits,  in  which  the  sand,  clay,  lime, 
mica,  &c.  have  subsequently  been  more  or  less  altered,  and  that  the 
"  arches  of  foliation  "  described  by  Mr.  D.  Sharpe  (Phil.  Trans. 
185*2)  correspond  in  a  peneral  way  with  the  parallel  anticlinal  axes 
shown  by  the  authors  m  a  former  pa])er  to  exist  in  tiiu  Highlands. 
They  remariced  that  the  synciinal  troughs.  howe?er,  are  not  expressed 
in  Mr.  Sharpe's  figures,  and  that  he  has  omitted  the  bands  of  lime* 
stone  which  they  refer  to  as  an  important  evidence  of  the  stratifica- 
tion of  the  district.  They  also  pointed  to  the  acknowledged  difficulty 
which  the  quartzites presented  to  Mr.  Sharpe,  but  wliich  readily  ffill 
into  the  system  of  undulated  strata  that  they  have  described.  One 
of  the  quartzites  having  yielded  an  Orthoceratite.  and  pebbles  being 
present  in  one  of  the  schists  of  Ben  Lomond,  these  hOM  were  ad- 
dnoed  as  further  evidences  of  the  real  sttatal  oondition  of  the  sdiists 
and  qnartsites  of  the  Highlands. 

2.  "  On  the  Rocks  of  portions  of  the  Hiirhlands  of  Scot  laud  South 
of  the  Caledonian  Canal,  and  on  their  cquivdents  in  the  North  of 
Ireland."   By  Professor  R.  Harknets.  F.R.S..  F.G.S. 

The  antlMHr,  having  had  an  opportunity  of  ^^"'rining  tibe  geology 
of  the  NortJi-westof  Scotland  in  the  year  1859.  and  more  especial^ 
the  arrangement  of  rocks  described  by  Sir  R.  Murchison  as  "  fun- 
damental gneiss,  Cambrian  grits,  lower  quartz-rock,  limestones, 
upper  quartz-rock,  and  overlying  gneissose  flags."  applied  the  resulte 
of  his  observations  during  last  summer  to  portions  of  the  Highlands 
lying  south  of  the  Caledonian  Canal,  and  to  the  North  of  Ireland. 
Developed  over  a  large  portion  of  these  districts  are  masses  of 
gneissose  rock,  of  varying  mineral  nature,  and  tMntfifm  pottiiig  on 
the  aspect  of  a  simple  flaggy  rock.  Where  these  gneissoie  masses 
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come  in  oontaet  with  plntonlc  tnaaaeB,  tlmej  exiiibit  that  higMf 
crystalline  upeet  which  induced  Maceulhich  and  others  of  the  Scotch 
geologists  to  regard  them  as  occupj'ing  an  extremely  low  position 
among  the  sedimentary  series,  and  to  ajiply  to  them  the  Wernerian 
term  "  primitive."  Many  of  MaccuHoch's  descriptions,  however, 
show  tliat  this  assumed  iow  position  is  not  the  true  place  of  this 
gneiss  among  the  sedimentarj  rodcs  wbk^  make  op  the  Highlands 
of  Scotland. 

In  a  section  from  the  southern  flank  of  the  Grampians  to  Loch 

Earn  (and  in  other  8ection9,  from  Loch  Earn  to  Loch  Tay,  from 
Dunkeld  to  Blair  Athol,  in  the  Ben  y  Gloe  Mountains,  in  Glen 
Shee,  &c.),  there  is  seen  a  sequence  winch  indicates  that  this  gneiss 
m  the  highest  portion  of  the  series  of  rocks,  with  underlying  quartz- 
roek  and  limestone. 

In  the  county  of  Donegal,  Ireland,  a  like  sequence  is  seen.  A 
section  from  Inishowen  Head  to  Malin  Head,  along  the  east  side  of 
Loch  Foylc,  presents  us  with  gneissose  rork«  ahove  limestone  and 
quartz-rocks,  exactly  a"  in  Scotland.  In  no  pyrtion  of  Scotland 
south  of  the  Calcdonum  Canal,  nor  in  the  North  of  Ireland,  did  the 
uuthi>r  recognize  any  trace  of  the  "  fundamental  gneiss." 

March  G,  1861. — Leonard  Horner,  Esq.,  President,  in  the  Chair. 

The  following  communications  were  read  : — 
1.  "Oil  the  Succession  of  Beds  in  the  Hastings  Sand  in  the 
Nurtheru  portion  of  the  Wealdeu  Area."  By  b\  Drew,  Ksq.,  F.G.S., 
of  the  Geological  Survey  of  Great  Britain. 

Having  first  referred  to  the  division  of  the  Wealden  heds  by  former 
authors  into  the  "  Weald  Clay,"  the  "Hastings  Sand,"  and  the 
Ashbumham  Beds,"  and  the  subdivision  of  the  "  Hastings  Sand  "  by 
Dr.  Mantel!  Into  "  Horsted  Sands."  "  Tilgate  Beds,"  and  "  Worth 
S  inds,"  and  having  defined  the  district  under  notice  as  lying  be- 
tween and  in  the  neighbourhood  of  the  towns  of  Tenterden,  Cran- 
brook,  Tunbridge,  Tonbridge  Wc^,  East  Grinstead,  and  Horsham, 
Mr.  Drew  proceeded  to  describe,  first,  the  several  beds  in  the  meri- 
dian and  vicinity  of  Tunbridge  Wells.    The  Weald  Clay  is  at  least 
600  feet  thick  in  this  district,  and  is  underlain  by  sands  and  sand- 
stones, termed  by  the  author  the  "  Tunbridge  Wells  Sand,"  on  ac- 
count of  its  being  well  exposed  there.    This  subdivision  is  about 
ISO  feet  thick,  and  was  described  in  detail, — an  important  feature 
being  the  "rock-sand»"  or  massive  sandstone  forming  the  picturesque 
natural  mcks  of  the  neighbourhood.   The  shales  and  clays  under- 
lying these  sands  form  the  *'  Wadhurst  Clay  "  of  the  author,  and  are 
at  places  IGO  feet  thick.    Thl?  subdivision  has  yielded  much  iron- 
stone in  former  times.     It  is  underlain  by  other  sand  and  sand- 
stones, more  than  230  feet  thick,  also  yielding  ironstone.  These 
arc  termed  '*Ashdown  Sand'*  by  Mr.  Drew  on  account  of  their 
forming  the  heights  of  Ashdown  Forest. 
Eastward  of  the  meridian  of  Tunbridge  Wells  Mr.  Drew  has  found 
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the  same  sequence  of  beds,  and  he  believes  a  similar  succession  to 
occur  around  Battle  and  Hastings.  Westward  of  Tunbridge  Wells 
as  far  as  East  Grinstead,  the  same  beds  occur,  but  beyond  that 
the  Weald  Clay  and  Tuubndge  Weils  Sand  alone  are  exposed ;  and 
tiie  latter  b  here  divided  into  tipper  and  lower  heds  by  shale  and  clay 
(termed  "  Grinstead  Clay  "  by  tiie  anth,or),  whieh  tfateken  westward 
to  50  feet  and  more.  It  ie  the  '*  Lower  Tunbridge  Wells  Sand  " 
that  forms  natural  rocks  near  Grinstead.  Near  Horsham  the  Weald 
Clay  contains,  at  about  i  20  feet  from  its  base,  bands  of  stone  iuiown 
as  the  *'  Horsham  Stone,"  used  for  rooimg  and  paving. 

The  author  theu  explained  at  large  the  grouuds  on  which  he 
propoeed  to  vepilace  Dr.  Mantdl**  tern  "  Horttod  BmdB  "  by  "  Upper 
Tunbridge  Wells  Sand,"  that  of  <■  Worth  Sands  "  by  "  Lower  Tun- 
bridge Wells  Sand."  and  that  of  "Tilgate  Beds"  by  "  Wadhurst 
Clay,'*  and  his  reason  for  proposing  the  name  of  "  Ashdown  "  for 
the  next  lowest  bed  of  the  "  Ha^tlne-?^  Snnd." 

The  paper  concluded  with  u  dc^rcnjition  of  pome  of  the  chief  litho- 
logical  characters  of  the  claysi  and  aaudatuueii  of  the  Wealduii  area 
under  notice. 

2.  **  On  the  Permian  Rocks  of  the  South  of  Yorkslure ;  and  on 
their  Palaeontological  Relations."  By  J.  W.  Kirkby,  Esq.  Com- 
municated by  T.  Davidson,  Esq.,  F.G.S. 

riic  author,  after  defining  the  area  to  be  treated  of,  £rst  noticed 
the  results  of  the  labours  St  former  observers  in  this  district;  and 
then  succinctly  described  the  several  strata,  referring  to  Professor 
Sedgwick's  Meinour  on  the  Magnesian  Limestone  for  descriptions  of 
the  physical  geography  and  very  much  of  the  lithological  characters 
of  the  country  undrr  notice.  The  strata  treated  of  Mr.  Kirkby  re- 
cognizes (in  desceuding  order)  as,  1.  the  Bunter  Scbiefer,  about  50  feet 
thick  i  2.  the  Brotherton  Beds,  150  feet ;  3.  the  small-grained 
Dolomite*  250  feet;  4.  the  Lower  Limestone,  150  feet;  5.  the 
Rotblieg^ides  or  Lower  Red  Sandstone^  100  feet.  These  were  then 
compared  and  coordinated  with  the  Permian  strata  of  Durham,  where 
the  three  limestone  members  are  thus  represented: — 1.  The  Ujjper 
Limestone  by  the  Yellow,  Concretionary,  and  Crystaline  Limestone 
(250  feet)  ;  2.  The  Middle  Limestone  by  the  Shell-  and  Cellular 
Limestone  (200  feet);  and  3.  The  Lower  Limestone  by  the  Com- 
pact Limestone  (200  feet)  and  the  Marl-slate  (10  feet).— the  over« 
and  under-lying  sandstones  being  much  alike  as  to  thickness  in  the 
two  areas. 

After  «oTine  remarks  on  the  probable  ^eo^fRphical  conditions 
existing:  in  the  Permian  epocli,  the  author  proceeded  to  treat  of  the 
Permuin  fossils  of  South  Yorkshire  iu  detail.  These  belong  to  about 
thirty  species,  and  are  nearly  all  from  the  Lower  Limestone, — three 
species  only  occurring  in  the  Brotherton  beds.  With  three  excep* 
tions  they  occur  also  in  the  seveml  limestones  of  Durham  ;  five  of 
them  are  found  in  the  lower  part  of  the  red  marls  of  Lancashire ; 
and  six  of  them  are  found  at  Cultra  and  Tullyconnel  in  Ireland. 
I'he  distributiou  of  the  species  in  the  several  bcdis  at  different  loca- 
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litiM  httfiDg  been  fully  treated  of,  the  Permian  foaili  of  South  Yoik- 

Bhire  were  compared,  first,  with  those  of  Durham ;  next,  with  those 
of  Lancashire  ;  and  thirdly,  with  those  of  Ireland.  Remarks  on  the 
distribution  ot  tlie  i^crmiaa  i*  auna  in  time  concluded  the  paper. 


XLVIII.  Intelligence  and  MieceUaneoue  Artklee, 

SOME  KSSVLTS  IN  BLIGTBO-MAONBTttM  OBTAINX9  WITH  THE 
BALANCE  OALVANOMETER.     BY  OEOBGB  BLAIK,  If.A. 

SINCE  bringing  the  balance  galvanometer,  along  with  some  other 
appantua,  before  the  Society  in  the  ooufw  S  last  aeenon,  the 
writer  had  made  aome  experiments  with  this  new  galvanometer,  which 

F5g.l. 


led  to  results  that  he  did  not  anticipate,  and  which  iie  considered  to 
be  of  sufficient  importance  to  justify  him  in  presenting  them  to  the 
Soriety.  Hie  object  originalijr  aimed  at  in  its  coDstmctioa  was  to 
obtain  an  exact  measure,  by  weight,  of  the  actual  amount  of  deflective 
force  which  the  current  exerts  upon  the  magnetic  needle.  The  in- 
strument constructed  for  this  purpose  is  represented  in  fig.  1.  The 
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coil  consist?  of  a  total  length  of  1G60  feet  of  No.  22  copper  M'ire, 
weighing  rather  more  than  6  lb?.,  and  divided  into  four  parts,  the 
ends  of  which  are  brought  out  and  connected  with  their  respective 
tenninalfl  G  so  that  they  can  be  luicd  separately  ur  as  one  cuil. 
The  needle  with  which  Uie  lint  ezperimenti  wen  made  conaieted  of. 
a  emaU  rectangular  steel  bar,  1^  inch  in  length,  latfaer  leas  than  |tfa 
of  ao  inch  in  breadth,  and  about  half  the  tiiickness  of  a  shilling.  It 
"weighed  exactly  18  irmins,  and,  when  magnetized,  its  liftinc:  power 
was  44  grain:^,  or  nearly  2^  times  its  own  weight.  The  index  M, 
which  is  1>  inches  in  length,  weighs  only  2  grains.  A  small  brass 
pulley,  ^th  of  an  inch  in  diameter,  is  fixed  upon  the  axis  between  the 
index  and  the  supporting  screw  L.  The  balanced  lever  S  H  coniiats 
of  a  thin  slip  of  hard  spring-brass,  placed  edgewise  for  atrength,  and 
tapered,  for  lightness,  towards  the  eml  of  the  long  arm  A  H.  The 
short  arm  A  E  is  loaded  to  act  as  a  counterpoise;  and  to  this  arm  a 
scale-pan  C  is  suspended,  at  a  distance  from  the  fulcrum  equal  to 
exactly  y^th  of  the  length  of  the  other  arm.  It  carries  also  at  its 
extremity  a  thin  horizontal  projection,  which  vibrates  between  two 
screw-points  D,  D',  and  by  which,  with  the  aid  of  the  wooden  foot* 
screws  of  the  instrument,  the  lever  can  be  always  Rg*  ^ 

exactly  levelled  when  balanced,  llie  fulcram 
B  is  supported  on  a  stout  brass  bar  F,  which  is 
firmly  held  in  its  place  by  means  of  the  screw  I, 
and  can  be  removed  at  pleasure.  When  it  is 
detived  diet  the  needle  ahali  have  liberty  to 
move  in  both  directions,  the  extremity  H  of  the 
long  arm  of  the  lever  is  connected  with  the 
needle  by  a  slender  wire  suspended  from  a  very 
fine  thread,  fixed  to  the  upper  part  of  the  pulley 
and  carried  down  on  botii  ;-!(!e?  of  it,  as  shown 
in  iig.  2.  The  arm  A  H  is  divided  into  tea 
equal  parts,  each  of  which  is  subdivided  into 
tenths ;  and,  estimating  the  poles  of  the  needle 
to  be  at  a  distance  of  about  ^th  of  its  total  length 
frotn  the  extremities,  llic  diameter  of  the  pulley 
is  so  adjusted  tiiat  a  weight  of  100  grains,  sus- 
pended at  the  distance  of  one  of  the  large  divi- 
sions from  the  fulcrum,  acts  with  a  force  of  1 
grain  at  the  poles  of  the  needle ;  suspended  at 
division  3,  it  acts  with  a  force  of  2  grains ;  at 
2*5,  with  a  force  of  2^  grains,  and  so  on. 

The  following  Table  exhibits  the  results  of  the  first  series  of  expe- 
riments made  with  a  small  Grove's  battery,  the  platinum  plates  of 
which  expose  only  two  inches  of  surface,  and  having  the  zinc  plates 
immersed  in  a  saturated  solution  of  chloride  of  sodium.  It  Is  a 
striking  charaeteristie  of  Qrove's  battery  that  it  slightly  increases  in 
force  after  being  some  time  in  i'  tiun  ;  and  it  would  have  been  pre- 
ferable, therefore,  to  use  a  Daniell's,  on  account  of  its  remarkable 
( onstancy  ;  but  the  writer  had  not  a  sufficient  number  in  series.  The 
fourth  column  indicates  the  weight  required  to  bring  the  index  of 
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the  babuice  galvanometer  beck  to  lero ;  the  fifdi  oolmiui  expreeees 
the  flame  weight  ledticed  to  the  force  which  it  exerts  at  tlie  poles  of 
the  needle,  but  increased  in  each  case  by  half  a  grain,  to  compeTi«?nte 
fimr  the  small  preponderance  given  to  the  lonn;  arm  of  the  lever 
in  order  to  keep  the  needle  vertical  when  not  d^ected  by  the 
current 


Table  I. 


1. 

2. 

3. 

4. 

5. 

6. 

N«.  of 
IMb*. 

Angl«i«i 

tugent 

Dotneter. 

Aofflm  on 
ndaaM 

^vsnometer, 
without  weight. 

Wfligfati 

reqoiNd  tottrins 

Force  at 
poles  of 
oeedle,  in 
gniiw. 

Rutio  of 

1 

2 
6 
12 

•  » 

A  30 

8  30 
29  30 
44  45 

A  ' 

77  30 

87 

89 

100  gvt.  at  2*5 

lOUO  grs.  at  2*2 

3*00 

6-00 
22*50 
49-90 

8*12 
5-96 
22-64 
39*64 

It  will  be  seen  tlmt,  up  to  gix  pairs,  the  numbers  in  the  fifth  column, 
expressing  the  force  of  the  curreut  iu  grains  at  the  pules  uf  the  needle, 
▼arj  very  neerly  in  the  aeme  ratio  as  the  tangents  of  the  angles  of 
defleetion  on  the  tangent  ^vanometer  reduced  to  a  comparable  form 
in  the  sixth  column.  With  twelve  ])airs,  however*  the  weight  re- 
quired to  balance  the  current  is  49*5,  or  Tery  nearly  50  G:rnin3  ; 
whcrcn?,  according  to  the  tangent  galvanometer,  it  should  not  have 
exceetleti  4U  grains.  Reflecting  on  this  anomaly,  the  writer  could 
only  arrive  at  the  conclusion  that  the  needle,  surrounded  by  a  very 
powerful  eorrent  in  snch  a  large  ooU,  ceased  to  act  as  a  permanent 
magnet,  and  was  temporarily  charged  with  a  higher  magnetism  in- 
du^  by  the  current  itself.  Subsequent  experiments  completely 
confirmed  this  conclusion ;  and  he  was  led  to  examine  the  subject 
more  minutely  by  observing  that  the  needle,  after  being  several  times 
subjected  to  Uie  action  of  the  current  from  twelve  pairs,  appeared  to 
have  lost  its  permanent  magnetism;  for  he  afterwards  found  re- 
peatedly that  when  the  index  was  brought  back  by  successive 
increments  of  weight  to  40^,  the  smallest  possible  additional  weight 
sent  it  back  to  zero.  Before  taking  out  the  needle  to  ascertain 
this,  he  submitted  it  a  second  time  to  the  action  of  six  and  twelve 
pairs,  with  the  foUowiog  results : — 

Kanber  of  pain.  Coneat  ftwee  by  tang,  galvaa.  Wsfghu  supported. 
6  7-5  grains. 

13  89-64  24*5 

whereas  it  will  be  seen,  by  referring  to  the  preceding  Table,  that 
originally  it  8up])orted  '22*50  and  49*50  grains  respectively.  Tlie 
ne^e  was  then  taken  out«  and  was  found  to  have  almost  entirely 
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lost  its  magnetism.  It  had  originally  lifted  44  ^ains;  it  was 
now  only  with  the  greatest  preoaotion  that  it  lifted  2  gnuns.  But 

7*5      :   34-5     si:  8-27 
and  (22-64)*  :  (39*64)*  s  1  :  3*06. 

The  writer  had  therefore  little  doubt  that,  if  not  merely  demagnetized, 
but  formed  of  soft  iron,  the  needle,  when  placed  in  a  favourable 
position,  would  turn  with  a  fene  proportional  to  the  square  of  the 
current ;  whereas  it  plainly  appears  from  lU>le  I.,  that  so  long  as  Its 
permanent  magnetism  is  sufficient  to  resist  the  indudog  action  of 
the  current,  the  needle  is  deflected  with  a  force  simply  proportional 
to  the  current. 

To  determine  this  interesting  question,  two  new  needles  were  con- 
structed, similar  in  shape  uud  size  tu  the  former,  but  somewhat 
lighter,  each  weighing  only  17*25  graios.  The  one  was  of  sted» 
tempered  to  the  hardness  of  glass ;  and  was  magnetized  till  it  lifted 
with  some  difficulty  43  grains;  the  other  was  of  sofk  hoop-iron, 
well  annealed.  With  these  needles  the  following  results  were 
obtained  from  experiments  conducted  very  carefully,  aod  using,  for 
greater  accuracy,  a  single-thread  suspension 


Table  II. 


With 
magnetized 
steel 
needle. 

M 

2.  1 

3.       1        4.  ' 

5. 

6. 

No.  of 
poiiw. 

Anglo  on 
tangsnt 

IMtOf' 

Tutgottoto 
ndUl. 

DeflectiTC 
foiceatpotn 
oC»|gdje,in 

Katioof 
tsngenU. 

Ratio  of 
titjttari-^  of 
tongcnta. 

o  1 

17  40 
31  20 

41  0 
1    47  0 

0-  318 
0*609 

1-  072 

11-5 
22-0 
32-5 
43*6 

11-5 
220 
31-5 
38-8 

11-4 
42-1 
85-8 
130-6 

With  neeflle 
of  soft  iron 

17  40 

;u  0 

.     40  20 
47  0 

0-3 1  rt 
0  GUI 
0-849 
1*072 

60 
20-5 
400 
57*0 

60 
11-4 
161 
20-4 

6*0 

21-5 
42-9 
68*4 

A  glance  at  the  above  iable  will  show  that,  with  the  permanently 
magnetized  needle,  the  numbers  in  column  4,  expressing  the  de- 
flective force  of  the  current  in  grains,  are  very  nearly  proportional 
to  the  numbers  in  column  5,  expressing  the  simple  ratio  of  the  ttmfmtt 

or  quantitif^  of  cfirrent;  whereas  with  the  soft  iron  needle  they  are 
nearly  proportional  to  the  squares  of  the  same  quantities,  reduced  to 
a  comparable  form  in  column  6.  In  both  cases  the  only  marked  de- 
viation coincides  with  Liic  powerful  current  trom  twelve  elements  of 
the  battery,  in  which  case  the  steel  needle,  evidently  acting  under 
th«^  superadded  influence  of  induced  temporary  magnetism,  is  deflected 
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with  a  force  which  eioeeds  the  estimated  junount  by  4*7  grains, 
whereas  the  soft  iron  needle,  under  the  same  dbrrent  force,  falls 
fhort  of  the  calculrtted  amount  by  11-4  grains.  The  last  effect  is 
probably  attributable  to  the  fact  that,  as  the  needle  approach e?  patn- 
ration,  the  law  of  the  squares  gradually  merges  into  the  law  of 
simple  proportion.  The  writer  regrets  that  £e  had  not  at  com- 
mand aoffident  battery  power  to  put  thia  point  to  tfaeteat  of  deciahre 
experiments,  but  hopes  to  do  ao  shortly  with  a  Daniell  battery  of  50 
or  100  elements.  In  the  meantime  the  results  above  given,  having 
been  arrived  at  with  great  care,  and  amply  confirmed  by  experiments 
several  times  repeated,  appear  to  establish  very  conclusivjely  the 
ioiiowing  principles 

1.  A  permanently  magnetized  ated  needle,  auapended  in  the 
middle  of  «  galvanometer  ooil,  la  deflected  with  a  force  aimply  pro- 
portiooal  to  the  quantity  of  current  transmitted,  so  long  as  the 
current  force  which  act?^  upon  it  i?'  not  sufficient  to  impart  tempo- 
rarily a  higher  magnetism  th;ui  timt  which  it  permanently  possesses. 
Beyond  this  point,  the  deflective  force  exerted  on  the  magnetized 
steel  needle  increases  in  a  somewhat  higher  ratio  than  the  current, 
and  therefore  the  accuracy  of  any  form  of  galvanometer  can  he 
trusted  only  within  certain  limits  of  corrent  force  and  of  length  and 
proximity  of  coil. 

2.  A  i^ure  soft  iron  needle,  suspended  at  an  angle  of  about  40'^  to 
the  direction  of  the  current  (the  angle  varying  according  to  the 
shape  of  the  needle),  is  deflected  with  a  force  which,  within  certain 
limits  of  corrent  power,  ia  verjr  exactly  proportiimal  to  ihe  sqwoea 
of  the  quantities  of  current.  Beyond  these  limits  the  deflective  force 
exerted  on  the  needle  increases  in  some  constantly  ratio 
lower  than  that  of  the  squares  of  the  current. 

3.  The  action  of  the  current  in  deflecting  a  magnetic  needle  is 
precisely  the  same  action,  aud  follows  the  same  law,  as  that  which 
it  exerts  in  magnetizing  a  bar  of  soft  iron.  The  amount  u£  magnetism 
actually  imparted  to  a  bar  or  needle  of  soft  iron  is  directly  propor- 
tional  to  the  quantity  of  current;  for  the  force  with  wMeh  a  soft  iron 
needle  u  deflected  under  different  currents  is  not  proportional  to  its 
temporary  magnetism  in  each  case,  but  to  the  product  of  its  mnpj- 
netism  multiplied  by  the  force  of  the  current.  By  increasing  the 
force  of  the  current,  two  effects  are  produced ;  in  the  firsl  place,  the 
magnetism  of  the  needle  is  increased  in  the  same  proportion  ;  and 
Mcom%,  the  increased  current  acting  upon  this  increased  magnetism 
deflects  the  needle  with  a  force  proportional  to  the  product  of  the 
two,  or  in  other  words,  proportional  to  the  square  of  the  actual 
quantity  of  current. 

It  only  remains  to  add  the  results  of  two  series  of  experiments, 
showing  the  very  striking  diflerence  between  the  deflective  forces 
ezert»Hl  upon  the  two  needles  at  diflflerent  angles  of  inclinalion. 
Table  III.  shows  the  increasing  weights  required  to  balance  the 
needles  at  angles  successively  diminished  by  1 0^ ;  Table  IV.  exhibits 
the  effect  produced  by  successive  additions  of  weiiz:hts,  equivalent  to 
a  force  of  ten  grains  acting  at  the  poles  of  the  needles.    In  both 
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CBM8  the  battery  power  employed  was  twelve  small  OroveV,  bat  the 

current  declined,  ft  the  courpe  of  the  experiments,  from  47°  to  45** 
oa  the  tiLiig^ent  galvanometer,  which  accounts  for  the  fact  that  the 
maximum  weights  supported  are  less  than  in  the  earlier  expenraents 
recorded  in  Table  II.  In  working  out  Table  III.,  the  weight  em- 
ployed (1000  grains)  was  aimply  adveaced  along  the  lever,  and  its 
reduced  amount  at  the  poles  of  the  needle  noted  when  the  index,  in 
gradually  retreating,  pointed  to  the  sneceenve  ang^  ipecified.  Tlie 
results  in  Table  IV.  were  obtained  by  moving  the  weight  from  one 
to  another  of  the  successive  divisions,  marked  I,  2,  3,  &c.  on  the 
lever ;  and  the  differences  of  the  angles  vary,  as  might  be  expected, 
in  nearly  the  reverse  order  of  the  differences  of  weights  in  Table 

in.:- 

mie  III. 


Anglea  un 
balance 
falwMnuter. 

Weight*  reduced 

to  forte  lit 
needle,  in  (FBios. 

Ditlt  rcnc-n**  of 

With  magactixed  steel 

o 

(  90 
80 

70 
60 
50 

40 

ao 

80 

I  10 

0*0 
6-5 
15-5 
230 
30i» 
350 
39-4 
41*5 
42-0 

1  weighu. 

6*5 
1  90 
I  7-5 
7-0 
6*0 
4*4 
2*1 
0-5 

With  soft  inn  needle. 

< 

r  90 

80 
70 
00 
50 

i  40 

0-0 
15-5 
29-5 
40-5 
50*0 
53-0 

16-5 
14-0 
110 
9-5 
3*0 

Table  IV. 


Wci|^ht«  reduced 

to  force  lit 
needle,  iagnuns. 

Angle*  on 

balance 
galTanooieter. 

anglea. 

With  magnetized  steel 
needle. 

(  0*0 

10-0 
200 
'  300 
40-0 
,  415 

9^  d 

75  30 
63  0 
48  80 
20  0 

tl36 
12  SO 

14  30 
22  30 

Witli  toft  iron  needle. 

1 

/  00 
100 
200 

^  30-0 
400 
500 

i  52-0 

yo  0 

H4  0 
76  30 
68  20 
59  10 
47  10 
0  0 

0  0 

7  30 

8  10 
8  10 

12  0 
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Ir will  bo  oWvwd  from  Table  HI.  tbatft  venr  amall  weiglit  wss 
snfficieDt  to  tfarow  btek  the  steel  needle  to  wid  that,  on  the 
contrary,  it  is  Irom  90^  to  70^  that  the  soft  iron  needle  sustains 

itself  with  companitivcly  the  {Greatest  power,  requiring  very  nearly 
double  the  weight  which  suffices  for  the  steel  needle  to  balance  it  at 
the  Ifitter  angle.  When  reduced  to  40  ,  however,  the  fmalle^t  pos- 
sible additional  weight  throws  back  the  iron  needic  tu  zero,  and  in 
erary  cue  it  wee  necessary  to  more  it  aside  with  the  finger  to  nearly 
that  angle,  before  it  woidd  exhibit  the  slightest  actioii  under  the 
influeoce  of  the  current,  or,  in  other  words,  any  perceptible  trace  of 
longitudinal  masrnetization.  In  fact,  being  laterally  magnetized 
when  hanging  in  a  vertical  positionj  it  necessarily  offered  a  certain 
resistance  to  deflection. 

On  taking  out  the  steel  needle  after  these  experiments,  it  was 
found  to  have  retained  ite  original  magnetlun  unimpaired. 


The  tangent  galvanometer  by  wMeh  the  Ibroe  of  the  cunent  was 


Fig.  3. 
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detennlncd  in  the  preceding  experiments,  and  which  the  writer  had 
also  the  honour  of  submitting  to  the  Society  last  ?c3sion,  iB  repre- 
sented in  fig.  3.  It  is  a  very  convenient  modification  of  Gaugain's 
instrument,  described  in  the  Annahs  de  Chimie,  vol.  xli.  18r>4.  The 
circulux  frame  A,  coutaiuing  a  variety  of  coiU  of  different  leng^ 
and  nset  of  covered  wire,  u  9*6  inohea  in  external  diameter ;  so  tba 
whoi  the  hiatniiiieBit  ii  in  uae,  the  divided  circle  mnat  be  drawn  ottt 
till  its  centre  is  2*4  inches  in  ft-ont  of  the  coil  or  coils  tiirough 
which  the  nirrent  is  to  be  sent.  To  facilitite  this  operation,  the 
horizontal  l)ar  D,  upon  which  the  disk  slide.«,  hn^^  the  proper  distances 
for  each  coil  marker!  upon  it,  and  these  are  successively  exposed  to 
view  at  the  back  ui  tlie  iu:$trument,  in  proportiou  as  the  disk  is  drawn 
smoothly  forward  by  means  of  the  handle  C.  The  needle  is  only 
one  inch  in  length,  bat  carries  parallel  to  itself  a  fine  filament  of 
glass  for  an  index  * ;  it  is  snsp^ded  by  a  silk  fibre,  and  is  raised  so 
as  to  hnnp:  freely  within  its  glass  shade  by  tiirninrr  the  pin  E.  The 
ends  of  the  coils  are  carried  down  throi]p;li  tlu'  holiow  pillar  B,  and 
by  connecting  the  electrodes  of  the  battery  with  the  proper  terminals, 
the  current  can  be  sent  through  one  or  more  of  the  coils.  It  can  be 
sent  diroagh  one  eonvdution  of  No.  16,  through  203  convolntions 
of  No.  34,  or  any  other  of  the  intermediate  leng&s  and  sizes  of  wire; 
end  in  tUa  way  the  resistance  and  the  force  exerted  by  the  current 
npon  the  needle  can  be  very  exactly  adapted  to  the  character  of  the 
battery,  or  other  rheomotor  employed. —  Fn>m  (hp  Proceedings  of  the 
Glasgow  FhHosophicul  Societi^  J  or  January  16,  1661. 


ON  T0B  FBiaBNCB  OF  ABSBNIG  AND  ANTIUONT  IN  TON  «OVBCB8 

AND  BEDS  OP  STREAMS  AND  BIYBB8.  BY  DUOALD  CAMPBELL, 
ANALYTICAL  CHBMI8T  TO  THB  HOSPITAL  VOB  CONBUMFTION^ 
BBOMPTON. 

To  the  EMiors  of  ike  FkSiowphical  MagoMme  tmd  Jwnud, 

Okntlbmen, 

Since  my  communication  upon  the  above  subject,  published  in 
the  Philosophical  Magazine  of  October  last,  I  have  repeated  my 
experiments  npon  seim]  of  the  sands  I  then  reported  upon,  and 
with  the  like  results  which  I  then  gave.  I  have  also  made  experi- 
ments upon  other  specimens  suice  obtained,  and  in  all  I  have  hitherto 
examined  I  have  found  arsenic,  and  generally,  if  not  always,  accom- 
panied with  antimony.  The  process  followed  was  the  same  a"  ! 
formerly  described,  only  I  invariably  used  hydrochloric  acid  wilhuut 
the  slightest  ttaoe  <tf  armie  in  it,  as  some  donbta  had  been  cast 
upon  my  fonner  results,  in  a  notice  of  my  paper  in  the  '  Chemical 

*  The  thickness  of  the  index  is  grossly  exaggcfsted  in  the  flgores  it 
ought  to  be  at  five  as  a  hair,  sad  short  in  one  arm. 
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News*  of  tlie  20th  of  October  last,  because  in  my  anxiety  to  admit 
of  any  one  testing  the  accuracy  of  my  results,  I  had  descrihcd  how 
the  process  might  be  conducted  with  what  is  f?:pnerally  sold  as  pure 
acid,  but  which,  if  properly  tested,  is  rarely  free  from  arsenic. 

During  these  last  experiments,  it  occurred  to  me  tp  distil  the  sands 
with  a  second  and  a  third  dose  of  add,  and  in  most  cases  I  have 
found  the  yield  of  arsenic  and  antimony  to  be  mneh  graater,  say  from 
two  to  five  times,  in  the  second  distillate  than  in  the  first ;  and  in 
some  I  have  found  the  third  distillate  to  give  more  than  the  first, 
but  In  other?  les^s. 

These  results  induce  me  to  say  that,  before  a  sand  could  be  pro- 
nounced not  tu  cuutain  any  arsenic  or  antimony,  it  should  be  distUled 
to  dryness  with  at  least  three  distinct  doses  of  ai»d,  eadi  dIstOlate 
beinf  tested  carefully  in  the  manner  described  in  my  former  com" 
munication. 

I  am.  Gentlemen. 

Your  obedient  Servant, 

DUOALD  CaMPBBLJL. 

7  Qnslity  Court,  Chsooery  Lone, 
Msidi  25th,  1861. 


NOTE  ON  A  MODIFICATION  OF  TII£  APPARATUS  EMPL(JYEO  FOR 
ONE  OF  AMPKRE^S  FUNDAMENTAL  EXPERIMENTS  IN  ELEOTRO- 
DTNAKIC8.     BT  PBOTBSSOK  TAIT. 

My  attention  was  recalled  by  Principal  Forbes's  note*  (read  to  the 
Royal  Society  of  Edinburgh  on  January  7),  to  his  request  that  I  should 
at  leisure  try  to  repeat  Ampdre's  experiment  for  llie  mutual  repulsion 
of  two  parts  of  the  same  straight  eondnctor,  by  means  of  an  apparatus 

which  he  had  fHTOCured  for  the  Natural  Philosophy  Collection  in  the 
University.  Rome  days  later  I  tried  the  experiment,  but  found  that, 
on  account  of  the  narrowness  of  the  troughs  of  mercury,  it  was  im- 
possible to  prevent  the  capillary  forces  from  driving  thefloatine;  wire 
^  tu  the  sides  of  the  vessel.  I  therefore  cuiibtructed  au  apparatus  in 
which  the  tronghs  were  two  inches  wide,  the  arms  of  the  fioat  being 
also  at  that  distance  apart.  Making  the  experiment  according  to 
Amp^re*s  method  with  tkoB  arrangement,  I  found  one  small  Grove's 
cell  sufficient  to  produce  a  steady  motion  of  the  float  from  the  poles 
of  the  pile ;  in  fact,  the  only  dilliculty  in  repeating  the  experiment 
lies  in  obtaining  a  perfectly  clean  mercurial  surface. 

Two  objections  have  been  raised  against  Ampere's  interpretation 
of  this  experiment,  one  of  which  is  intimately  connected  with  the 
subject  of  Principal  Forbes's  note.  This  is,  the  difficulty  of  asoer* 
twining  exactly  what  takes  place  where  a  voltaic  current  passes  from 
one  conducting  body  to  another  of  different  material.   It  is  known 

«  Phil.  Mag.  for  February  1861. 
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that  tfaennal  tod  tbenno-electrie  effects  generallf  aocompanf  raeli  a 
paMage.   To  get  rid  of  thii  ■onrce  of  uncertainty,  I  have  repeated 

Ampfere*8  experiment  in  a  form  which  excludes  it  cntirrly.  In  this 
form  of  the  experiment  the  polar  conductors  and  the  lloat  form  one 
continuous  metallic  mass  witli  the  mercury  in  the  troughs, — the  float 
being  formed  of  glass  tube  filled  with  mercury,  with  its  extremities 
ilightly  enrved  downwards  so  as  nearly  to  dip  under  Ibe  mifsoe  of 
the  ftud,  and  the  wir^  from  the  battery  being  plunged  into  the 
upturned  outward  extremities  of  two  glass  tabes*  which  are  pushed 
through  the  end^  of  the  tronirhs  *»o  as  to  project  an  inch  or  two  in- 
wards under  the  surface  of  the  mercury.  A  little  practice  is  requisite 
to  success  in  filling  the  float  and  immersing  it  in  the  troughs  with- 
out admitting  a  bubble  of  air.  This  float,  being  heavier  than  the 
ordinary  copper  wire,  plunges  deeper  in  the  floid,  and  enooonters 
more  resistance  to  its  motion ;  but  with  two  smaU  Giofe's  cdls  only, 
Amp^'s  result  was  easily  reproduced,  even  when  the  extremities 
of  the  float  rented  in  contact  with  those  of  the  polar  tubes  Vtefore  the 
circuit  was  completed.  It  is  obvious  that  here  no  thermo-electric 
effects  can  be  produced  in  the  mercury ;  and  I  have  satisfied  myself 
that  the  motion  commences  before  the  passage  of  the  ciinent  can 
hare  sensibly  heated  the  fluid  in  the  tubes. 

The  other  dass  of  objections  to  Ampere's  conclusion  from  this 
experiment,  depending  on  the  spreading  of  the  current  in  the  mer- 
cury of  the  troughs,  is  of  course  not  met  by  this  modification.  1 
have  made  several  experiments  with  n  view  to  obvinte  thi^^  ;  but 
my  time  has  been  so  much  occupied  that  I  have  nut  bceu  able  as  yet 
to  put  them  In  a  form  suitable  for  communication  to  this  Sociely.— 
JVwn  tke  Proeeedm^B  o/tkc  Rojfoi  Sodeif  qf  E^nburgk,  toI.  iv. 


NOTE  R£8P£CTINO  020NX. 

In  the  Philosophical  Magazine,  May  I860,  page  403,  is  a  short 

account  uf  "  the  production  of  Ozone  by  means  of  a  Platinum  Wire 
matlc  incandescent  by  an  Electric  Current,"  by  M.  Le  Houx,  which 
has  just  recalled  to  my  nicmory  the  toUowiiig  tact. 

I  have  frequently  observed  that  a  coil  of  platinum  wire  heated  to 
tMenete  in  a  strong  jet  of  purified  hydrogen,  and  then  removed  firorn 
die  jet,  imparted  a  feeble  ozone*]ike  odour  to  the  ascending  stream 
of  hot  air  above  the  wire  as  long  as  the  wire  remained  nearly  white- 
hot,  and  ceased  to  import  this  odour  at  a  somewhat  lower  tempe- 
rature. 

O.  Goaa. 

Knuii^^iam* 
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word  of  praise  for  the  translator.  From 
bii  tfiorongh);  pmctical  aci|tiaintance  with 
electricity,  Mr.  Walker  has  hcc.n  enabled  to 
render  Prof.  De  la  Rive's  work  with  great 
eiaetneas;  aiid  tiuM  to  give  us  in  the 
English  language  one  of  the  best  text- 
books of  electricity  to  be  ibond  in  Burope." 

At  midj  «r  dMtrieily  thi  mffl 


I  win  tfndtiieworir  ollf .  De  1b  ««•  liw 

I  host  of  guides, — a  trnly  philosophical  and 
practical  treatise,  written  by  one  who  has 
extended  the  honndariea  of  the  scieiice  by 
his  own  inventions  and  dseoverics ;  who 
has  searched  with  petieoee  every  available 
source  of  information ;  who  possesses  the 
rare  power  of  per^iksmms  and  popttlir  ex- 
position ;  and  who  has  eodecvonred  to  do 
justice  to  the  variona  phUosophers  who 
hftfe  bees  engaged  is  the  mt  iaqeiriei.'' 
^NoHk  BrUkk  Mnim. 
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XLIX.  On  tki  JhUrmnaHon  cfthe  IHreetion  of  the  VHnOiant 
of  Polarized  lAght  by  metm  of  JHffraelum.   By  L.  Lomhib*. 

THE  qaeation  whether  the  vibrations  of  polarized  light  are 
perpendicular  to  the  plaoe  of  polarisatioD«  or  in  that  plane, 
notwithstanding  its  great  theoretical  importance,  is  still  unde- 
cided. On  comparing  the  different  arguments  that  may  he  ad- 
vanced in  favour  of  either  hypothesis,  only  two  will  M  found 
that  have  an  essential  bearing  on  the  subject, — the  ezperimentSy 
namely,  of  Jamin  on  the  reflexion  of  light  by  transparent  mejdia, 
and  the  polarization  of  light  caused  by  diffraction. 

T\\e  experiments  of  Jamin  have  hitherto  been  explained  on 
the  supposition  that  the  vibrations  of  polarized  light  are  perpen- 
dicular to  the  plane  of  polarization.  This,  however,  is  not  deci- 
sive of  the  question,  since  it  has  hitherto  been  assumed  that 
there  is  an  instantaneous  chang:e  of  refractive  power  at  the 
bouudaiy  of  tsvo  trausparent  media;  whereas  I  shall  prove, in  a 
subsequent  essay f  ''On  the  Reflexion  of  Light,''  thai  Jamin's 
operiments  can  only  be  brought  into  complete  accordance  with 
PreanePs  formulae  for  the  reflexion  and  refnction  of  lights  on  the 
hypothesis  that  these  formulte  hold  good  for  infinitely  small 
changes  of  the*  refractive  index,  that  is  to  say,  on  the  hypothcsia 
that  there  is  a  gradual  passage  from  one  meaium  to  the  other. 

It  may  be  asked  whether  S^nel's  formul»  really  hold  good 
for  an  infinitely  small  change  of  refractive  power,  and  whether 
tliese  formuljE  may  be  deduced  on  either  hypothesis  as  to  the 
direction  of  the  vibrations  of  polarized  light;  two  que^ons 
which  1  shall  answer  in  a  third  essay. 

*  Tnuoilatttd  by  F»  Guthhe,  from  Poggendorffs  AmuUen,  voL  ext.  p.  3 16, 
1860. 

»  t  See  Por^gcndoriTs  AmtaUn,  vol.  cxi.  p.  460 :  a  tmiihitioa  of  this 

paper  will  be  given  in  a  future  Number  of  this  Magazine. 
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The  change  of  the  plane  of  polariiatkm  by  diffraction  conducts 

us  hy  anotlier  road  to  the  determination  of  the  same  question. 
Several  years  ago  Mr.  Stokes  furnished  a  mathematical  proof 
that  the  plane  of  polarization  must  be  chanfrcd  by  diffraction. 
Doubts  have,  however,  justly  been  entertamcd  as  to  the  accuracy 
of  his  conclusions,  becaube  be  only  succeeded  in  solving  the 
problem  of  dilTraction  imperfectly;  and  I  have  therefore  sought 
the  complete  solution  of  the  problem  by  other  methods,  which  I 
fasve  foimd  partieokrly  applicable  in  the  theoiy  of  elaatidty. 

'When  an  undulation  pasiea  ihroo^  an  openmg  in  a  aolid 
plane^  waves  pioeeed  bom  the  opening  on  Doth  aidea  of  the 
plane.  The  motion  in  the  plane  is  not  known,  except  inao- 
ar  aa  it  is  determined  by  the  fact  that  the  aiun  of  the  compo- 
nents of  the  incident  and  reflected  waves  are  eqpal  to  the  com- 
ponents of  those  transmitted,  and  that  the  normal  and  tangen- 
tial pressures  on  both  sides  of  the  plane  of  the  openinpr  arc  the 
same  at  every  point.  Let  the  components  of  the  iiicitlciit  rays 
be  denoted  by  «,  v,  and  w ;  those  of  the  transmitted  rays  by  Uj,  Vi, 
and  Wi ;  of  the  reflected  by  w^,  r^,  and  ;  and  let  tne  plane  of 
coordinates  x,  y,  z  coincide  with  the  plane  of  the  opening. 

The  first  condition  gives^  ior  x  —  ^^ 

ti|BO,  v,8sO|   t9+Ws-*W|aiO;    .  (1) 

and  by  the  help  ol  these  equations  it  may  easily  be  deduced  from 
tiie  second  condition  for  arasO,  that 

dx  *  dx       ~^  *  dx  %' 

II  the  incident  waves  are  waves  of  light,  then 

and  aquations  (1)  and  (2)  may  be  aatisfied  by  the  auppositioii 
thil 

dx     dy     dz  ' 

from  which  it  ia  evident  that  no  wavea  of  condensation  can  be 

formed. 

The  law  of  the  motion  ia  expressed  by  the  diiierential  equation 

d*     d^      1  d* 

aEi+^;s+a?"5?3?'  

which  must  satisfy  all  the  components,  where  w  expresses  the 


(8) 
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rate  of  propagation^  aod  t  the  time.  Thii  equation  will  dmowly 
lie  aati^d  by  the  exprawion 


where  r=:y/*«+(y— 6)*+(jr— and  therefore  alio  by 


which  iunetion  4>|  when  the  limits  of  integration  are  detenmned 
by  the  boundaries  of  the  openings  also  possesses  the  property 
that  its  differential  coefficient  with  respect  to  m  becomes  equal  to 

^(v^»  ^»  y>  ^)  when  x  decreases  to  nothing,  and  the  point  yz  is 
within  the  opening.    If  »  increases  to  notliing,  the  value  of  the 

differential  coefficient  is  ^(f>{wtj  ij^  z) ;  and  if  the  point  yz  la 
without  the  opening,  it  becomes  nothinpr  when  a?=0;  for  by 
different iuli II the  integral  with  resjKct  to  x,  x=0  enters  as  a 
factor,  thus  causing  every  element  of  the  integral  to  disappear, 
except  those  in  which  r=0,  thatis  to  say,  ?/  =  /3,  z=y.  Whence, 
if  ^  is  positive,  and  the  point  {i/z)  is  within  the  limits  of  tlie 
integral. 


Introduce  now  other  functions      X,  X^,  which  tie 

related  to  the  respective  functiona  "tfty  ^  m  the  ainio 

way  aa  4»  is  to    and  put 


<l>{wt—r) 


and  if   is  negative^ 


where  the  functions     F|  are  so  chosen  that 

iftij    dv^  dwi 
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beoomes  equal  to  notfaingi  then 


(«) 


To  tlie  oomponeiits  of  the  reflected  wave  we  give  the 

same  valaes  as  to  V|,  only  it  must  be  observed  that  ia 

the  first  x  is  always  negative,  in  the  Utter  poaitive* 

Assuming  now  that 


■•-0  and  [g^]'" -0, 


the  truth  of  which  will  appear  from  what  follows^  wc  get  by 
means  of  (1)  for  ^ssO, 

t>  +  Vj  --  t>j  s=V— 2^,  [wt,  =  0,  ^     •    •  (8) 

-h  u;, — «;,  =  w — 2;^!  {wt,  = 0;  - 

and  by  meaai  of  (2)  for  «sC, 


as — ^  •■5-2t(«'<,y,«)=0, 


(9) 


All  the  conditions  arc  hereby  fulfilled,  and  the  functions  <h,  <#>i, 
&c.  determined.    The  truth  of  equations  (7)  may  now  also 
be  easily  demonstrated. 

The  problem  of  diffraction  is  therefore  completely  solved  by 
cquaLiuiis  (5),  (G),  (8),  and  (9).  If  we  now  pass  to  the  parti- 
cular case  in  which  the  incident  waves  lie  in  a  plane,  the  oompo- 
neite  m  determined  by  the  following  equations, 

where  ' 

Since,  moreover,  we  only  require  to  determine  the  motion  at 
a  point  at  a  considerable  distance  behind,  the  opening  in  the 
screen  must  be  very  great;  and  putting  p  for  the  distance  of  the 
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observed  point  from  the  origin  of  coordinates^  we  have 

whm 

  y  2 

p=        +  i»=sr» 

and  I,  m,  and  ii  being  the  eoainea  of  the  angles  made  by  the 
difiaeted  xay  with  the  eooidinate  axei^  ^H-at^+n*— 1.  Now 
from  (9)  we  get 

^{wt^    z)  =  ^ak^  siu  /fc      — ^ — cz), 

whence 
when 

S«-  ~^peji*yain*[t»<-p+(«-i)i8+(«-.c)t]. 

And  the  valaea  ol  the  funetiona  that  enter  into  (5)  being  found 
in  a  simikr  manner^  we  get 

u,  =  P(a  +  /)[f-.Z(/f+mi7  +  nJ)]S, 
i;,  =  + /)  [??  — 7n(/f  +  m??  +  nO]  S, 
w^^\k{fl + i)  [£-»(/f  +  mi?  +  nfJJS. 

These  expressions  hold  good  also  for  the  waves  reflected  from 
the  openings  only  that  in  this  case  /  is  negative.  For  a  point  in 
the  direction  opposite  to  that  of  the  incident  ray  tf+i^O,  and 
therefore  all  the  components  of  the  motion  are  equal  to  nothing. 

iVfr.  Stokes  has  arrived  at  the  same  resnit,  although  he  did 
not  regard  the  reflected  wave,  and  has  not  completely  solved  the 
.  problem.  If  a  plane  be  supposed  to  pass  througli  tl:e  refracted 
and  the  incident  ray,  and  if  «  denote  the  angle  winch  the  vibra- 
•  tions  of  llie  incident  ray  make  with  the  normal  to  this  plane,  «, 
the  antrle  made  by  tue  vibrations  of  the  diiiiacLcd  lav  with  the 
same  normalj  and  )3  the  angle  of  diffraction^  then  we  easily  find^ 
as  Stokes  baa  done,  that 

tan  a,  =  cos  /9  tan  a, 

which  is  indepcudcnt  of  the  form  and  position  of  the  opening. 
The  vibrations  therefore  become  more  nearly  vertical  after  pass- 
ing through  a  vertical  slit  or  grating.  Accordingly,  therefore, 
as  experiment  shows  that  the  plane  of  pulunzation  is  rendered 
more  v  ertical  or  more  horizontal  by  diffraction,  so  must  the  vibra- 
tions of  polarised  light  be  parallel  or  perpendicular  to  the  plane 
of  polarisation.  It  must,  however,  be  remembered  that,  mathe- 
matieally  speaking,  the  saei»i  is  sopposed  to  bo  a  plane  which 
does  not  itself  vibrate,  and  wmcA  lefleets  no  light  from  its  edges. 
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The  ezpeiimeiiU  that  have  hitherto  been  tried  letfe  this 
question  stfll  undecided;  for  while  Stokes,  from  experiments 
made  with  glass  gratings,  found  that  the  plane  of  pohmation  is 
rendered  more  hoiiiontai^  Holtzmann^  m>m  experiments  made 
with  a  smoke-gratingi  came  to  the  opposite  conclusion.  In  order 
finally  to  settle  this  question,  I  have  instituted  a  course  of  expe^ 
riments  with  g:rating8  of  various  kinds. 

By  means  of  a  heliostat  and  collectuig  lens,  I  introduce  a  por- 
tion of  the  sun's  rays  into  a  chamber.  At  some  distance  from 
the  focus  of  the  first  lens  a  smaller  lens  receives  the  rays,  and 
transmits  them,  almost  parallel,  through  a  polarizing  Nicol's 
prism,  which  is  fastened  in  a  tube  to  a  vertical  circular  arc.  An 
index  with  a  vernier  gives  the  angle  which  the  plane  of  polariza- 
tion of  the  transmittMl  light  makes  with  the  vertical  Ime*  At 
the  distance  of  about  7  metres  the  lig^t  falls  on  a  vertical  gra- 
ting, uiiich  is  fiwteaed  to  a  small  plate  in  the  middle  of  a  hori- 
lOntal  circular  arc,  which  is  provided  with  a  moveable  horizontal 
teleseope*  Before  the  object-glass  is  placed  a  doubly-refracting 
prism  of  rock-crystal,  which  divides  the  polarized  pencil  into 
two,  polarized  perpendicularly  to  each  other.  This  prism  can 
be  turned  about  the  axis  of  the  telofcope.  Tn  creneral,  therefore, 
two  horizontal  bauds  of  light  of  unaquai  brightness  will  be  seen 
in  the  telescope ;  but  by  turmng  the  NicoFs  prism  or  the  doubly- 
refracting  crystal  about  its  axis,  the  intensity  of  these  two 
im^es  can  be  rendered  equal. 

•fte  experiments  were  generally  conducted  as  follows : — The 
Nicolas  prism  was  turned  in  such  a  direction  that  the  plaue  of 
pdarisation  made  an  angle  of  46^  with  the  vertical  line,  and  the 
telescope  was  so  plseed  that  its  vertical  thread  passed  through 
the  two  illnminattn^^  points,  while  the  horisontal  thnssd  lay  be- 
tween the  two  horizontal  bands  of  diffracted  light.  When  the 
telescope  was  turned  through  the  angle  Ab<>^b  bands,  owing  to 
the  position  of  the  rock-crystal,  were  of  equal  intensity.  The 
telescope  was  th^a  put  back  into  its  original  position,  and  the 
NicoVs  prism  was  turned  into  such  a  position  that  one  of  the 
images  entirely  disappeared. 

If  the  NicoPs  jirisia  rrqim-ed  to  be  tunu-d  tliroiigh  the  angle 
B  (or  8i90°  or  d-f  ibO  J,  the  plane  of  polarization  must  have 
been  turned  through  the  same  angle,  provided  that  the  light  has 
not  becu  cliiplicaliy  polarized  by  diffraction  ;  and  if  8  be  positive, 
the  plane  of  polarization  has  been  rendered  moie  horizontal. 
^  Sometimes  I  first  determined  B,  and  then  the  angle  of  diffrac- 
tion 0,  for  which  the  two  bands  are  equally  bright. 

There  is^  however,  a  somee  of  error  in  these  eiperinientSy  of 
which  I  only  became  aware  after  some  time.  If,  for  emnple, 
the  upper  half  of  the  grating  produce  a  more  brilUant  difaeted 
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image  tbtn  tlie  lower,  then  if  the  grating  entiidy  cover  the 
objeet-gbss,  as  was  always  the  case  in  the  above  experimenti, 
the  upper  di£Practed  image  will  be  too  bright.  And  if  this  image 
be  polarized  horizontally,  S  will  be  found  too  great ;  if  vertically, 
too  small.  To  render  the  experiment  perfect,  it  is  therefere  neces- 
sary to  turn  the  rock-crystal  through  an  angle  of  180°,  and  take 
the  mean  of  the  two  values  of  S  so  obtamed.  If  this  precaution 
be  neglected,  very  considerable  errors  may  be  introducedj  espe- 
cially when  smoke-gratings  are  employed,  and  1  imagine  it  is 
this  that  has  misled  Hultzmaim.  lie  observed,  in  the  cqaq  of  a 
smoke-grating,  that  for  a  diffraction  of  20°  there  was  a  very  con- 
siderable difference  in  the  brightness  of  thehoriiontal  and  Yerti- 
cdlj-jpolarised  images.  This  is  nearly  always  so  with  gratmge 
d  this  desoription :  the  upper  or  tiie  lower  image  appears  toe 
lHn|||htest,  without  reference  to  the  position  of  the  plane  of  pdkvi- 
sation.  With  a  perfectly  accurate  grating,  M.  Holtzmann  wooU 
not  have  been  able  to  distingaish  the  sli§^t  difosnce  th«t  xeelly 
does  exist. 

My  first  experiments  were  made  with  a  gold  grating  (1000 
bars  to  the  Paris  inch).  Light  polanzed  at  an  angle  of  46° 
with  the  vertical,  when  diffracted  with  this  grating,  gave  two 
images,  of  which  neither  could  be  made  entirely  to  disappear  for 
any  position  of  the  rock-crystal ;  and  this  was  still  more  evident 
when  the  grating  waj*  placed  obliquely.  The  diflracted  light  must 
therefore  either  have  been  elliptically  polarized,x)r  have  been  partly 
converted  into  ordinary  light.  /That  the  fotmer  was  the  ces^ 
I  inferred  from  the  fact  that  eUiptically-pdbrised  light  ooold  be 
converted  by  diffraetion  into  eivmilark  and  plane-polariaed.  I( 
for  example^  I  passed  light  polarized  at  the  an^e  «  through  e 
Presnel's  parallelopiped,  whose  reflecting  surfaces  made  theang^ 
45°  with  the  vertical^  the  angle  a  comd  be  so  chosen  that  one 
image  in  the  telescope  could  be  made  entirely  to  disappear,  or, 
on  the  other  hand,  so  thnt  the  two  images,  on  turning  therock* 
crystal,  always  retauied  the  same  intensity. 

By  measuienients  made  in  this  manner,  I  convinced  myself 
that  the  phenomenon  is  essentially  the  same  aa  that  which 
accompanies  the  ordinary  reflexion  of  light  from  poHshed  metal 
surfaces,  and  that  the  eilect  of  the  diiiracted  light  is  imper- 
ceptible in  comparison  with  that  reflected  from  the  edges. 

I  now  provided  mysell  with  varions  smoke-gratinga.  Polished 
glass  sunaces  were  amoked  with  burning  camphor,  then 
treated  with  a  few  drope  of  oil  <^  turpentine  to  nz  the  smeike  to 
the  l^aas.  These  were  then  divided  by  means  of  a  machine  into 
hers  only  an  inch  long  (2,  5,  10,  and  16  to  the  millim.). 

With  these  gratings  I  no  longer  observed  any  elliptic  polari- 
Mtion.   I  found  no  observable  differences  in  the  results  for  the 
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different  gratinpro,  mid  content  mjself  therefore  with  giving  the 
mean  results  for  thcTii  nil. 

"XMicii  the  grating  was  perpendicular  to  the  incident  ray,  and 
on  the  side  ot"  the  glass  towards  the  tclchc<ipe,  as  was  the  case  in 
Holtsmann's  experiments,  I  found  the  angle  h,  through  which 
the  plane  of  polanzaiion  was  turned,  extraordinarily  small,  and 
tbeitfore  only  determbed  it  accurately  for  a  single  angle  d  dif« 
ffaction  (65*^).  The  plane  of  polarisation  of  the  bcident  light 
waa  in  all  the  fbllowing  eiperimenta  uwUiied  at  an  angle  of  45^ 
m^th  the  verticaL 

The  mean  mult  tm  0^W^  waa 


The  plane  of  polarization  therefore  had  become  very  slightly 
more  horizontal.  Por  greater  values  of  I  found  h  still  smalkri 
which  at  first  greatly  perplexed  me. 

When  the  grating  w  as  turned  round  so  as  to  be  on  the  side 
towards  the  incident  ray  and  perpendicular  to  it,  the  plane  of 
polarization  was  turned  through  a  greater  angle  in  the  same 
dimtion^  and  for  /3t=66^  I  found 

These  results  agree  neither  with  Holtsmann'a  experiments,  nor 
with  the  oonclniiona  that  seem  to  follow  from  theory.  I  thinks 
however,  they  can  be  explained  as  follows. 

When  the  light  first  passes  through  the  glass  and  then  through 

the  gratinp",  the  cirrnmstances  are  almost  the  same  as  when  it 
encounters  the  LrratinL:  in  the  substance  of  the  glns^,  n<ay  be 
concluded  from  the  fact  that  there  is  no  reflexion  at  the  boundary 
between  the  smoke  and  the  The  diffraction  therefore 

takes  place  within  the  substance  of  the  glass,  and  the  diffracted 
light  is  afterivard^  refracted  in  pas.-ing  out  of  the  plate.  If  y^j 
he  the  diffiraction  in  the  glass  {fi  being  the  observed  diffraction), 
and  It  the  index  of  refraction  of  glass,  then  ain  P^n  aiu  In 
oonseooenee  of  the  refraction,  the  plane  of  polariiation  is  again 
altered  and  becomes  more  verltcaU  Supposing  now  that  the 
vihtrntkma  are  perpendicular  to  the  plane  of  polarization,  the 
ohaoge  of  the  plane  of  polarisation  ^i,  caused  by  the  difiiaetioii 
i8,i  is  determined  by  the  equation 

ton(45'*-8,)=co8/9. 

If  therefore  S  be  the  angular  clmTiLi  of  the  plane  of  polarization 
after  efle  xion  at  the  first  surface  ot  the  glass,  we  have  by  Frcs- 
nel's  formula:, 

tan  ^45*^-^^  -  tan  (45 -8j  cos^ 
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Tbe  mean  index  of  refxaetioa  n  was  determined  by  experiment 
as  to  the  angle  of  polArisation,  and  I  fonnd 

logfis^O-18886. 

For  /3=65**  we  should  therefore  have  3=2®  11',  which  agrees 
pretty  well  with  experiment,  which  gave  Jasl®  62^,  That  5 
should  decrease  as  p  increased^  as  appeared  from  experiment^ 
follows  also  from  this  calculation. 

■  If,  on  the  contrary,  the  smoked  side  of  the  glasa  is  turned 
towsirds  the  incident  raji  the  light  is  diffracted  before  it  reaches 
the  surfai^  of  the  glassy  and  is  afterwards  twice  lefraded.  We 
ha?e  therafore 

from  which  it  follows  that  if /9=r65°  8=16"  2'  30'^ 

In  this  case  experiment  gave  a  decidedly  less  Vcilue  for  6,  which 
shows  that  the  victual  circumstances  are  only  approximately  those 
assuiiK'd,  and  tluit  the  diffraction  of  the  light  only  takes  place 
partially  withai  the  substance  of  the  glass.  This  is  still  more 
evident  when  the  grating  is  placed  obliquely  to  the  incident  rays, 
so  as  to  make  equal  angles  with  them  and  the  axis  of  the  tde« 
scope;  since  in  that  case  liw  ^s90P  I  found  mstead  of 

46  9  which  is  given  by  calcnladon. 

It  is  obvious^  therefore,  that  the  circumstaneesy  though  Tery 
complicated,  are  naturally  accounted  for  in  all  essential  particu* 
]ars»  on  the  supposition  that  the  vibration  of  polarized  light  is 
perpendicular  to  tlic  plane  of  polarization,  whereas  the  other  hy* 
pothesis  is  altogether  irreconcileable  with  experiment. 

In  order  to  render  these  results  less  comphcated  and  more 
susceptible  of  calculation,  1  contrived  a  different  arrangement  ot 
the  btiioke-gratings.  Canada  balsam  was  melted  over  the  sur- 
face of  the  glass,  and  a  smooth  ghisa  plate  was  pressed  down  on 
it,  which  it  was  found  could  easily  be  done  without  injuring  the 
grating.  As  Canada  balsam  has  almost  the  same  index  of  rdnM> 
tion  aa  g^ass,  all  the  drcumstances  could  then  easily  be  ealeulated* 
The  grating  was  so  placed  that  it  made  equal  angles  wiUk  the* 
ineidoit  rays  and  the  axis  of  the  telescope.  In  this  position  of 
the  apparatus  the  vertically  polarised  portion  of  the  incident 
light  was  found  to  be  weakened  more  than  that  polarized  hori* 
lontally ;  and  therefore  the  change  of  the  plane  of  polarization 
was  positive,  alUumgh  reflexion  at  the  two  ^'lass  surfaces  tended 
to  turn  the  plane  of  polari/ntion  in  the  o])})()!sitc  direction.  As 
the  mean  of  many  expcnmenta  with  several  gratmgs  5^  10 
bars  to  the  milliin.},  I  found— 
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where  B  is  given  by  the  equations 

1^  being  the  angle  which  the  incident  ray  makea  with  the  nor- 
mal to  &t  grating,  that  made  by  the  refracted  ray  with  th« 
eaine  line,  while  0i  is  the  diffiraetion  within  the  sabstaiiee  dthe 

glass  itself. 

It  will  be  seen  that  experiment  agree?  very  well  with  calcula- 
tion, only  that  it  gives  results  in  all  cases  a  littie  too  small. 
AVliatever,  therefore,  may  be  the  cause  of  this  difference,  experi- 
ment most  decich^dly  favours  the  hypothesis  that  the  vibraUons 
of  polarized  light  ure  perpendicular  to  the  plane  of  polarization, 
siuec  in  the  opposite  case  6  would  be  negative  and  of  much 
greater  magnitude. 

I  «ext  investigated  the  effeet  of  diffiraetion  by  smoked  metal 
mtinn.  When,  howerer,  theee  wen  of  a  perieet  doll  blaek« 
toe  difoetion  images  produced  by  them  were  far  too  feeble ; 
they  were  therefore  rendered  smoother  by  passing  a  drop  of  oil 
€S  tnrpentine  over  them.  Gratings  of  this  description  mui^ 
mofeorer*  be  rather  fine  and  very  acenrately  made.  Some  expe* 
riments  made  with  a  grating  of  200  bars  to  the  Paris  inch  (the 
thickness  of  the  wire  bars  was  ^Jwth  of  a  millim.),  the  grating 
being  equally  inclined  to  the  incident  Hf^ht  and  the  aius  of  the 
telescope,  gave  approximately  the  followmg  resullb : — 


250 

350 

40« 

46« 

5(P 

«•» 

10» 

1«° 

«)° 

M° 

MO 

33° 

The  change  of  direction  is  positive,  but  much  ^eater  than  it 
should  be  according  to  ealonlation.  The  polanzatiou  of  the 
diffiraeted  light  waa  moreover  slightly  elliptical,  from  whieh  it 
was  evident  that  the  refiexion  firom  die  metal  anrfteea  of  the 
wires  waa  not  entirely  prevented  by  the  amohe.  On  endeavomr* 
log  to  emoke  the  grating  more  perfectly,  I  partly  destroyed  tta 
aecuracy,  and  rendered  it  unfit  lor  further  experiments  of  this 
description.  I  have  not  succeeded  in  obtaining  reliable  results 
with  other  gratings  of  this  description :  there  are  peculiar  diffi* 
culties  in  the  way  of  eheekinp:  the  reflexion  from  the  metal edgeS| 
and  at  the  same  time  preserving  the  diffiaction  image  aufiU 
cientiy  large  and  distinct. 
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The  resoltB  obtained  vn,  however,  not  unimportant,  since  the 
excessive  values  of  S  can  easily  he  accounted  for  on  the  ground 

of  elliptic  polarization. 

If  it  Ik'  supposed,  for  example,  that  the  difference  of  phase  of 
the  vertical  and  horizontal  components  is  A,  and  that  5|  is  the 
change  of  direction  when  there  is  no  elliptic  polarisatiouj  an  easy 
calculation  gives 

COS  A 

whence  h  must  always  be  greater  than      their  signs,  however, 

being:  always  the  same. 

As  (  xpcriment  gave  h  positive^  it  confirms  the  result  already 
obtained,  that  the  vifn  ation  of  polarised  light  is  perpendicular  (g 
the  plane  of  pulanzaiion. 

CopeobageQ,  Juoe  28,  1860. 


Ii«  On  certain  Lam  rtiaiina  to  the  BoUmff'pomii  of  diffareni 
laquuk  at  the  ariinary  Prenure  of  the  Ahmuphere,  By 
Tbom  AJB  Tatb,  BeqJ^ 

IT  is  well  known  that  the  boiling-point  of  water  is  raised  by 
the  addition  of  a  soluble  salt,  or  by  the  addition  of  a  strong 
acid,  and  thai  this  aogmentation  of  the  boiling-temperatnre  de^ 
pends  upon  the  relative  amount  of  salt  or  aeid  added,  as  the  ease 
may  be ;  but,  as  far  as  I  know,  no  general  formuln  hate  hitherto 
been  given  to  express  the  relation  between  the  augmentation  of 
boiling-temperature  and  the  relative  weight  of  the  substanoe 
added  to  the  water. 

Different  wcij^ht-^  of  anhydrous  salt  bcinc;  dissolved  in  100 
parts  of  |)uvr  water,  and  the  augmentation  oi"  boiHug-tLni]:>crature 
being  observed,  we  obtain  data  for  expressing  the  reiation  of  the 
per-centage  of  the  salt  to  the  corresponding  augmentation  of 
the  boiling-temperature  of  the  solutiou.  The  salts  which  I  have 
examined  in  this  manner  are  as  follows : — the  chlorides  of  sodium, 
potassium,  barium,  calcium,  and  strontium ;  the  nitrates  of  soda, 
potassa^  lime,  and  ammonia;  and  the  carbonates  of  soda  rad 
.potassa.  I  have  found  for  all  theae  salts,  that  the  augmentation- 
of  boUkig-temperature  may  he  tqpprosmat^  emsreued  in  m  otrtain 
pover  of  the  per-centage  of  the  em  diitdvedi  tilus,  if  ^  be  put  for 
the  weight  dry  salt  in  100  parts  of  water,  and  T  the  corre- 
sponding temperatore  of  ebullition  above  thai  of  boiling  water 
under  the  same  atmospherie  pressure,  then 

T=r«A«,  (X) 

*  Commnniflstsd  by  the  Author* 
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where  a  if  constant  for  eaeb  lalt  only,  and  the  monent « is  eon- 
stant  for  all  the  salts  contained  in  certain  special  gronpe.  The 
salts  enumerated  may  be  divided  into  four  distinct  groups,  the 
salts  in  each  possessing  certain  remarkable  points  of  relationship 

with  respect  to  their  boiling-temperatures ;  viz.,  ike  migmentatione 
of  Mling-iemperatwre  of  the  mUutions  in  each  group  of  salts  have 
m  constant  ratio  to  one  another  for  all  equal  weights  of  salt  dis' 

sohod.  Thus  if  T  and  be  put  for  the  fiufrmeTitations  of  boil- 
ing-temperature corresponding'  to  any  equal  portions  of  two  salts 
dissolved,  belonging  to  the  same  group,  then 

T 

<p  as  B  constant  quantity. 

The  eonatant  quantity  here  expressed  in  aome  casei^  aearlj 
equal  to  the  inverse  ratio  of  tne  eombining  eqnivalenta  of  tiie 
bases  of  the  salts. 

Moreover,  if  the  weights  of  two  portioiff  of  one  kind  of  salt, 
separately  dissolved  in  100  parts  of  water,  be  proportional  to  the 
two  portions  of  another  snlt  bclonjrinp:  to  the  same  group  and 
einiiiarly  dissolved^  then  tlic  ratio  of  tin  aui^mcuted  temperatures 
of  ebullition  of  the  former  \s\\i  be  equal  (approximately)  to  the 
ratio  of  the  augmented  temperatures  of  ebullition  of  the  latter.  • 

h     1^  T  T' 

Thus  if    =  XT,  then     =       and  conversely; 

*s    *^s        -^t  ^s 

where  hi  and  are  the  reapeetive  weights  of  one  kind  of  salt 
aeparately  dissolved  in  100  parts  of  pure  water,  T,  and  T^  the 
respective  augmented  tempeiaturea  of  ebullition ;  and  ktf  kf^ 
T'p  and  T's  are  the  corresponding  symbols  for  the  other  salt. 

for  the  sake  of  conciseness  of  expression,  I  shall  sometimes 
apeak  of  this  augmentation  of  temperature  simply  as  the  tempo- 
ratnre  of  ebullition,  which,  in  fact,  it  wonld  be  u  the  tempera- 
ture of  boilinp:  water  were  taken  as  zero. 

The  fa  st  group  of  salts  com[)rises  the  chlorides  of  sodium,  po- 
tassium, and  barium,  together  with  carbonate  of  soda. 

The  second  group  comprises  the  chlondca  of  calcium  and 
strontium,  and  ])robiibly  other  salts. 

The  third  group  comprises  the  nitrateii  of  huda,  potasaa,  and 
ammonia. 

'  The  fourth  grov^  comprises  the  carbonates  of  potassa,  and  ni- 
tiateoflime. 

If  Taso/^^)  represent  the  relation  between  T  and  of  a  salt  in 
any  group,  a  being  constant,  and  f[k)  a  known  function  of  h^ 
then  Ts«{/(ifc)  will  be  the  formula  of  re]ati(jn  for  any  other  salt 
in  the  same  group.  For  let  T  and  T'  be  the  temperatures  of 
ebulUtion  in  each  case  lespeetively  for  equal  values  of  k^  then 


Digitized  by  Google 


tU  tie  ordmary  Prmure    the  Atmosphere. 


T 


a 


^  =  ^  =  a  coustaat  for  all  values  of  T  and  V  corresponding  to 

equal  values  of  L 

The  uinexed  diagram  repreaents  the  ap« 
paratus  with  which  these  experiments  were 
made.  D  B  an  oil -bath  heated  on  a  sand- 
hath  ;  A  B  a  wide  tube  of  some  length  con- 
taining the  solution  of  the  salt;  T  a  ther- 
mometer passing  thiough  a  perforated  cork 
C,  and  having  its  bulb  immersed  in  the  li- 
quid to  within  about  one-quarter  of  an  inch 
of  the  bottom  of  the  tube.  A  slit  is  made 
in  the  side  of  the  cork  to  keep  the  vapour 
in  the  tube  it  the  same  jneature  at  the  ex- 
ternal air;  Pieeea  of  platinum-foil  were  put 
in  the  liquid  to  fecihtate  the  diaeharge  of 
vapour;  and  the  oi^in  the  bath  waa  time 
aftier  time  agitated  to  keep  all  the  parte  of 
the  liquid  at  •  unifonip  temperature.  The 
boiling-temperature  of  pure  water  corre- 
sponding to  the  atmospheric  pressure  was 
first  determined;  known  weights  of  anhy- 
drous salt,  corresponding  to  100  parts  by 
weight  of  water,  were  time  after  time  introduced  into  the  tube, 
and  the  corresponding  temperatures  of  ebullition  were  noted : 
the  elevations  of  these  temperatures  above  that  of  boiling  water 
were  entered  in  the  following  Tables  of  results.  The  prooesa 
waa  oontanoed,  in  some  cases,  until  the  solution  of  maximmn  aall 
waa  nearly  attained.  A  eorreetion  for  the  observed  tempentnrea 
waa  made  on  aeoount  of  the  column  of  mercury  in  the  stem  of 
the  thermometer  not  in  contact  with  the  liquid. 

Augmentations  of  boiling-temperatures,  in  degrees  Centigrade^  of 
different  solutions  of  tlie  salts  contained  in  Group  1. 


lortiJtiii 


«f  thedi 
«fpan  mtcTi 


iOOparto  Chloride'chloride'chloride' Carhon- 
of  water,  of  io- 
k»  diiim 
T. 


0 
8 

ie 

24 
32 
40 
49 
M 


0 
M 
25 
42 
60 
S'O 

•  •• 


of  potu- 
■mm, 
T'. 

of  ba< 
rium, 
T". 

Bte  of 
■oda, 

T", 

0 

0 

0 

•8 

•  •  • 

•5 

1-86 

•8 

M 

293 

1-4 

1-8 

410 

20 

2-5 

>  5-34 

•  2^ 

83 

6-60 

8-3 

4-6 

7-86 

4-0 

••• 

Value  ofT 
by  formula 


Value  of  T  Value  of  T 
bj  formula 


0 

1-  07 

2-  54 
4  22 
605 
8-00 


Value  ofT 
b;  formula  by  formula 


0 

•71 

1-  70 

2-  80 
4  00 
533 

•*•••• 


ix. 


0 

'"•93 
1-46 
205 
2  67 
3-30 
9r9$ 


0 

•47 
107 
1  80 
257 
314 
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8d4   Mr.  T.  Tste  en  ihe  Botimg-pomts  of  afferent  lAqvidg 

Here  the  near  eoincidence  of  the  results  in  the  second  and 
Bixdi  oolnmna  ahowa  that  the  experimental  valuea  of  k  and  T 
may  be  approxiniately  xepreaented  by  the  formula 

/=lMr*'-«  •  • ;  •  •  • 

Again^  the  near  eoincidence  of  the  reaulta  in  the  third  and 
aeventh,  fourth  and  eighth^  fifth  and  ninth  columna  shows  that 
in  thia  group  of  salts  the  temperatures  of  ebullition  have  a  con- 
stant ratio  to  each  other  for  all  equal  weights  of  salt. 

The  errors  of  these  formulae  are  probably  within  the  limita  of 
the  errors  of  observation.  Owing  to  the  oscillations  of  the  mer- 
curv  column  at  the  boiling-points  of  the  liquids,  the  errors  of  the 
readings  of  the  thermometer  might  amount  to  about  oue^fourth 
of  a  degree. 

These  experimental  results  for  the  most  ^art  agree  with  those 
given  by  Legrand  (see  Dr.  jMiller's  'Chemistry/  second  edition^ 
p.  247). 

Augmentationt  of  bo^Ung^emperaiwreB,  in  degrees  CetUigrude,  qf 
d^fireiU  wohUum  0/  the  uiUi  ccntmnedm  Grwp  2* 

If  T  and  he  put  for  the  augmentationa  of  the  boiling-tempe- 
raturea  cf  the  aolutiona  of  the  duoridea  of  calcium  and  atrontium 
remectiyely  for  anyequal  portiona  of  the  aalta  diissolved,  then  it 
wm  be  found  that  T's*84T  very  nearly^  as  ahown  in  the  follow- 
ing eiamplea : — 

(1)  For  A«16,  T«2;  then  by  the  formula,  rsl-OS. 

By  experiment,  T'sl. 

(2)  For  i«64^  T»in  8;  then  by  the  formula,  I'-:9-07. 

By  experiment,  T'=9« 
(8)  For  k^m,  T»27-2 ;  then  by  the  fonnuli^  r8U*6& 

By  experiment,  T'=14*7, 
(4)  For  A  =  1 1 2,  T  =  32-3 :  then  by  the  formula,  T's=17-44. 
By  experiment,  T^i7'^* 

Aufgmentntions  of  boiling'temperaturei,  m  degrees  CmiHgrade,  of 
deferent  tokUions  oftke  aaftt  emUmmd  in  Group  8* 

If  T,  T^,  T**  be  put  for  the  augmentationa  of  the  boiling* 
temperatorea  of  the  solutions  of  the  nitratea  of  soda,  potaaaa, 
and  ammonia  respectively,  and  k,  ^,  k"  the  corresponding  per- 
centage of  salts  respectively  dissolved,  then  the  following  for- 
mulae will  be  found  to  represent  the  results  of  experiments  veiy 
nearly 

T=^J^;  

and  for  all  equal  weights  d  salt, 
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T"=p,  (4) 

V^*7V.  (6) 

Applications  of  formula  (3) . 

(1.)    For        1  ;  then  by  the  furuiuia,  T  =  2-57. 

By  experiment,  T=2*6. 
(2.)    For  As48;  then  by  tlie  foimula^  Tss4*97. 

By  experiment,  Ts5. 
(3.)   For  k^96 ;  then  by  the  IbnnuUi,  Ts9*65. 

By  experiment,  T=9-72. 
(4.)    For  ifc»120;  then  by  the  formola,  Taftll*98, 

By  experiment,  T  =  12. 
(6.)   For      168 1  then  by  the  formula,  Tai6*47« 

By  experiment^  T  =  16'3. 
(6.)   For  ^-216 ;  then  by  the  formula,  T=20-98. 

By  experiment,  T=)^'3. 

AfpSeatums  of  formula  (4). 

(1)  ForTa:  2*6,    T"s  2*28.  By  experimciit,  1^ 

(2)  For  T=  7-46,  T=  6*88.  By  experiment^  V 
(8)  For  T= 16-3,  r'=18-97.  By  experiment,  T» 
(4)  ForTtt20'8,    T"xsl7^     By  expefimeat,  T" 

Applications  of  formula  (5). 

(1)  For  1^=2-3,  T'=  1'61.  By  experiment,  1*=  1-8. 

(2)  For  1^=  6-5,  T=  4  55.  By  experiment,  T' =  4-6. 

(3)  ForT"=8-5,  T'=  5  95.  By  experiment,  T'=  5  9. 

(4)  ioi  T"  =  17>  r=  11-0.  By  experiment,  T'=ll-3. 


AugmnUaium  of  ho%Hng'ternperaiwre§f  ifi  degreeo  Cmitigfo^  of 
Afferent  wAoium^th^oiM^  in  Qrmi^Au 


Weig!>t  of  salt 

in  100  parts 

Jr. 

ContspoDding  boiltag-tcmpentiiret  of  the  dlffetent  t^^lutioiu  of 
mU  imiv*  that  «f  |NiM  mtar. 

T. 

CvfaonMtof 

Value  of  T 
^  fDimaU 

Value  of  T 
by  fbrmala 

t-Jt. 

0 

0 

0 

0 

0 

16 

1 

I'M 

MO 

U 

27 

3-12 

27fl 

2  73 

48 

4-7 

6*30 

470 

4-63 

M 

7<0 

7*8 

6-97 

6*82 

M 

9-S 

10-5 

915 

918 

M 

11-63 

13*5 

11-62 

11-81 

lU 

14-3 

170 

14*20 

14-87 

W 

M 

Ml 

8S*81 

s  2-8. 
=  6-5. 
a  18-8. 
«17'0. 
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Here  the  near  coincidence  of  the  results  in  the  second  and 
fourtTi  columns  sliows  tliat  the  relaticMi  of  k  uid  T  may  be  vary 
nearly  represented  by  the  formula 

Moreover,  the  near  coincidence  of  the  results  in  the  second  and 

7 

fifth  columns  shows  that  T=       very  nearly,  or  that  in  this 

g-ronp  of  salts  the  tcmpcraturca  of  ebullition,  T  antl  T',  have  a 
constant  ratio  to  each  other  for  all  equal  weights  of  salt. 

On  a  eertam  law  ctmmeeHng  (approximately)  ike  hMng -tempera^ 
twm  €f  particular  saU$  m  the  nmegrw^  with  the  chemical  efm* 
vdaUt  of  their  baeee,  mid  in  one  ntetmnee  with  the  equiedknie 
of  the  entire  eeUe* 

For  the  ehloridea  of  sodium  and  barium  we  have  found 
T"  1 

as    for  all  equal  weights  of  the  salts; 

but  Eqiiiv.  of  sodium  _  23'31     1  , 

Kquiv.  of  bamiTu  ^  08^     3  " 

Hence  it  follows  that,  for  all  equal  weights  of  salt,  the  hoiltng-' 
temperatures,  T"  and  of  these  two  chlorides  are  (approximately) 
in  the  ifivprsr  ratio  of  t/ic  equivalents  of  l/ieir  bases. 

AgaiQj  for  the  chlorides  of  sodium  and  potassium  we  have 
T 

^=1*5,  for  all  equal  wdghta  of  the  aalta; 

but         Equiv.  of  potassium    39*26    ,  ^ 
£quiv.  of  sodium  "28  31"^  * 

Heaee  it  appears  that  the  same  law  holds  (apprazulmtcly)  trae 
for  these  two  salts. 

In  like  manner,  for  the  chlorides  of  calcium  and  atrontiom  we 
have 

T 

1*85^  for  all  equal  weights  of  the  saltit ; 
but         Xqulv.  of  strontium    48*75    „  t  o 

In  this  case  the  approximation  i^  not  so  close. 
For  the  nitrates  of  soda  and  potassa  we  have 
T 

s*60,  for  all  equal  weights  of  the  salts ; 

but  Equiv.  ot^soda  _  31^1 

Equiv.  of  potassa  ~  47*^6 
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Hence  it  appears  that  the  same  law  holds  (appioiiniately)  true 

for  these  two  salts. 

For  the  nitrate  of  lime  and  the  carbonate  of  potassa  induded 
in  the  fourth  group^  we  have 

T  7 

7p  =:  g  =  '87,  for  all  equal  weights  of  the  salts  ; 

bat 

Equiv,  carb«  of  potassa  _  69 
Equiv.  nitrate  of  lime  "  82  ~~ 

In  this  case,  for  all  equal  weights  qfthe  eaUe^ihe  MUng-iem* 
peraiurei,  T  and  V,  are  (approximately)  in  the  ineerse  ratio  of  ihe 
equivalents  of  the  enlvre  sous, 

Hovr  far  theae  laws  may  be  extended  to  other  substances 
future  researches  will  determine ;  at  the  same  time  it  must  be 
observed  that  it  is  quite  consistent  with  analogy  to  suppose  that 
the  chemical  composition  of  a  substance  should  affect  tlie  boil- 
ing-temperature of  its  solution.  Aithou^^li  the  law  here  indi- 
cated is  not  strictly  true,  yet  it  is  sufficiently  exact  to  warrant 
further  inquiry,  ami  the  cases  to  which  it  is  found  to  apply  are 
too  numerous  to  be  referred  to  accidental  coincidence. 

On  the  boHing-point  of  dHuted  sulpJaaric  acid. 
With  the  exception  of  the  sixth,  seventh,  and  ninth  experi- 
ments, the  following  experimental  results  were  given  by  Dalton. 

The  per-centages  of  concentrated  acid  in  the  liquids  were  calcu- 
lated from  the  observed  specitic  gravities  of  the  liquids  by  means 
of  Ure's  Table,  given  at  p.  801^  fourth  edition,  of  his  work  on 
the  Arts  and  Manufactures. 

AxigimtUaHoM  of  the  baUing^temperatures,  m  degrees  Fahrenheit,  of 
dUuted  su^hirie  aeid  at  mean  atmospherie  pressure,  containing 
different  proportions  of  concentrated  acid  in  100  parts,  the 
^Hfie  gravity  of  the  concentrated  add  being  1*846. 


Weight  oi  con- 
centrated acid 
io  too  part*  ol 
thelfipifal, 

k: 

Corresponding 
cxceu  of  boiling 
terapentuns 

T. 

Value  of  * 
hj  fonDttla 

100 

363 

mono 

98  21 

3^3 

<»H  08 

uau6 

289 

il3-5j 

90-53 

20 1 

!)U43 

86-82 

223 

85H1 

76-88 

150 

7al8 

4800 

40 

48  39 

41  GO 

2f? 

■i-IUd 

84-00 

16 

35-66 

0 

0 

0 
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888    Prof.  Maxwell  on  the  Theory  of  Molecular  Voritces 

Here  the  near  coincidence  of  the  results  in  the  first  and  third 
columns  "^ho^v-  tluit  tlip  relation  betw^n  k  aod  T  may  be  ap* 
proximately  expressed  by  the  formula 

^=11151^  orT=(j^jgy.      .    .    .  (7) 
Hastings,  April  1, 1861. 


LI.  On  Pfnjsical  Lines  of  Force.    ByJ.C.  Maxwell,  Prefemor 
of  Natural  Phikiophy  m  Kuifi  Coikge,  Loidm. 

[WiOianate.] 

Part  IL — 7%ib  Theory  of  Molecular  Vertices  applied  to  Eledrio 

Currenti. 

[Concluded  from  p.  291.] 

AS  liii  example  of  the  action  of  the  vortices  in  pioduciDg  in- 
duced currents,  let  us  take  the  following  case : — Let  Bj 
PL  V.  fig.  3,  be  a  circular  ring,  of  uniform  section,  lapped  oni- 
formly  with  covered  wire.  It  may  be  abown  that  if  an  deetrie 
current  is  passed  tbrongh  this  wire,  a  magnet  placed  within  Uio 
ooil  of  wire  will  be  strongly  affected,  bat  no  magnetic  effect  will 
be  prodnoed  on  any  external  point  The  effect  will  be  that  of 
a  magnet  bent  round  till  its  two  poles  ar«  in  contact. 

If  the  coil  is  properly  made,  no  effect  on  a  magnet  placed  out- 
side it  can  be  discovered,  whetbrr  the  current  is  kept  constant  or 
mode  to  vnry  in  strength ;  but  if  a  conducting'  win?  C  bp  made 
to  rrnhracr  the  rinGr  any  number  of  times,  an  electromotive  force 
will  act  on  that  wire  wlienever  the  current  in  the  coil  is  made  to  ' 
\&ry ;  and  it  the  circuit  be  closed,  there  will  be  an  actual  current 
in  the  wire  C. 

This  experiment  shows  that,  in  order  to  produce  the  clectro- 
motire  force,  it  is  not  necessary  that  the  conducting  wire  ahould 
be  placed  in  a  field  of  magnetic  force>  or  that  lines  of  magnetic 
foree  shonld  pass  through  the  snbstance  of  the  wire  or  near  it. 
All  that  is  required  is  that  lines  of  force  should  pass  through  the 
circuit  of  the  conductor,  and  that  these  linea  of  force  should  vaiy 
in  quantity  during  the  experiment. 

In  this  case  the  vortices,  of  which  we  suppose  the  lines  of 
magnetic  force  to  consist,  are  all  witbin  the  hollow  of  the  ring, 
and  outsHlc  thr  rint:  all  is  at  i-est.  If  there  is  no  conducting 
circuit  cmbracnig  tlic  ring,  then,  when  the  primary  current  is 
made  or  broken,  there  is  no  action  outside  the  ring,  except  an  in- 
stantaneous j)ressure  between  the  particles  and  the  vortices  which 
they  separate.  If  there  is  a  continuous  conducting  circuit  cm- 
bracing  the  ring,  then,  when  the  primary  current  is  made,  there 
will  be  a  current  in  the  opposite  direction  through  C ;  and  when 
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allied  to  Electric  Currenti, 
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it  is  broken^  there  will  be  a  current  tbioaghC  in  the  tame  direc- 
tion as  the  prinmry  current. 

We  may  uo^v  perceive  that  induced  rune  Ilt^^  are  ])i  ocluccd 
when  the  electricity  yields  to  the  electromotive  force, — this  force, 
however,  «5till  existing  when  the  Jbi  ination  of  a  sensible  current 
is  prevented  by  the  resistance  of  the  eucuit. 

The  electromotive  force,  of  which  the  components  are  R> 
arises  from  the  action  between  the  vortioes  and  the  interposed 
particles,  when  the  velocity  of  rotation  is  altered  in  any  part  of 
the  field.  It  corresponds  to  the  pressure  on  the  axle  of  a 
wheel  in  a  machine  when  the  Telocity  of  the  driving  wheel  is  in- 
creased or  diminished. 

The  electrotonic  state,  whose  components  are  F,  G,  H,  is 
what  the  electromotive  force  would  be  if  the  currents,  &c.  to 
which  the  lines  of  force  are  due,  instead  of  nrriviug  at  their  actual 
state  by  dopjrces,  had  started  mstantaneously  from  rest  with  their 
actual  values.  It  corresponds  to  the  impulse  which  would  act  on 
the  axle  of  a  wheel  in  a  machine  if  the  actual  velocity  were  sud- 
denly given  to  the  diiving  wheel,  the  machine  being  previously, 
at  rest. 

If  the  machine  were  suddenly  stopped  by  stopping  the  driving 
i^heel,  each  whed  would  receive  an  impulse  equal  and  o[)posite 
to  that  whieh  it  received  when  the  macnine  was  set  in  motion. 

This  impulse  may  be  calculated  for  any  part  of  a  system  of 
mechanism,  and  may  be  called  the  reducea  momentum  of  the 
machine  for  that  point.  In  the  varied  motion  of  the  machine, 
the  actual  force  on  any  part  arising  from  the  variation  of  motion 
may  be  found  by  differentiating  the  reduced  momentum  with 
respect  to  tlietuue,  just  as  we  have  found  that  the  electromotive 
force  may  be  deduced  from  the  electrotonic  state  by  the  same 
process. 

Having  found  the  relation  between  the  velocities  of  the  vor- 
tices and  the  electromotive  forces  when  the  eeuUes  of  the  vortices 
are  at  rest,  we  must  extend  our  theory  to  the  case  of  a  fluid 
medium  containing  vortices,  and  subject  to  all  the  varieties  of 
fluid  motion.  If  we  fix  our  attention  on  any  one  demeutaiy 
portion  of  a  fluid,  we  shall  find  that  it  not  only  travels  flrom  one 

Elaee  to  another,  but  also  changes  its  form  ana  position,  so  as  to 
e  elongated  in  certain  directions  and  compressed  in  others,  and 
at  the  same  time  (In  the  most  general  case)  turned  round  by  a 
displacement  of  rotation. 

These  chang-ps  of  form  and  position  prodnce  rhang'es  in  the 
velocity  of  the  molecular  vortiees,  which  we  must  now  examine. 

The  alteration  of  form  and  ])osition  may  always  be  reduced  to 
three  simple  extensions  or  compressions  in  the  direction  of  three 
rectangular  axes^  together  with  three  auguiai*  rotations  about 

Z2 
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any  let  of  three  axes.  We  eliall  fint  consider  the  effect  o£  thfee 
simple  extensions  or  compressions. 

Prop,  IX. — To  find  the  variations  of «,  ft  7  in  the  parallelo- 
piped  T,  t/,  2  when  x  bccornes  ar  +  5.r ;  v  +  5y;  and  4r+&2rj 
the  volume  of  the  figure  rcmainin*^  the  same. 

By  Prop.  II.  we  tiad  for  the  work  done  by  the  vortices  against 
pressure, 

SW«p,a(«y»)-  ^-  («V&if+/8'j*^+7*ay^«)  i  (69) 
and  by  Prop.  VI.  we  find  lor  the  variation  of  energy^ 

A  («&«+i85/3  +  757).ryj  (GO) 

The  sum  £W+££  must  be  lero  by  the  conservatkMi  of  maegy, 
and  ^»lfM)  ^0,  since  «yjr  is  constant ;  so  that 

«(s«-«|:)+^(s^-/3|)+-y(^-7|)=0.  (61) 

In  order  that  this  should  be  true  independently  oi  any  relations 
between  a,  ft  and  7,  we  must  have 

W=A  *y-7-.  .... 

X  y  2 

Prop.  \. — ^To  find  the  variations  of  a,  ^,  y  diTO  to  a  rotation  ^, 
about  the  axis  of  .r  from  y  to  r,  a  rotatioji  6,,  ;ibout  the  axis  of  y 
from  ~  to  ar,  and  a  rotation  0 ^  ai^out  the  axis  of  z  from  x  toy. 

The  axis  of  will  move  aw  :iy  from  the  axis  of  .r  by  an  angle 
^3 ;  so  that  p'  resolved  in  the  duecUou  of  x  changes  from  0  to 

The  axis  of  7  approaches  that  of  x  by  an  angle  6^ ;  so  that  the 
xesolved  part  of  7  in  direetion  x  changes  from  0  to  7^,. 

The  resolved  part  of  •  in  the  direction  of  m  changes  by  a  qoan- 
tity  depending  on  the  second  power  of  the  rotation^  which  may 
be  neglected.  The  variattdns  of  a,  fi,  7  from  this  cause  are 
therefore 

&t87^«-/9^s>   ^=«^8-7^u  (63) 
The  most  general  expressions  for  the  distortion  of  an  element 
produced  by  the  displacement  of  its  different  parts  depend  on  the 
nine  quantities 

S^'  Ty^'  S^'  75^"'        d^j^'  S^' 

and  these  may  always  be  expressed  in  terms  of  nine  other  quan- 
tities, namely,  three  simple  extensions  or  compicssious, 

£^  V  ^ 
7'  7'  7 
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nlr>ii[^  three  axes  properly  chosen,  .t^j  »/,  s*,  the  nine  tlircction- 
cosiiies  of  these  axes  with  their  six  connecting  equations,  which 
arc  equivalent  to  three  independent  quantities^  and  the  three 
rotations  $i,  B^y  6^  about  the  axes  of  x,  y, 

Let  the  duniction-cosines  of  a?  with  respect  to  y,  z  he 
/|>  those  of  t/,     m^,      and  those  oi  z',         n.^ ;  theti 

we  find 

*^  9       I      ^  .  I      V   .  1      ^-Sf'  /I 

with  similar  equations  for  quantities  involving  ^  and  Bz, 
Let  a'f  fffffhe  the  values  of    iS,  7  refened  to  the  axes  of 
then 

ft'ss/ja-f  fii,/9+ii|7o 
.     /8'aa4«+maj9+»fg7,  S'.  (66) 

y  = /gOt  +  fflj^  +  WgY.  J 

We  shall  then  have 

&i=;/,&i'  +  /9S/9'  +  /ga7'+y^a-^^a,   .   .  •  ((16) 

=  V^+i;^'|^  +  w5^+7^s-/3^a-  •  (67) 

By  substitntiDg  the  values  of  a',  ff,  and  comparing  with  equu 
tions  (64),  we  find 

««=«^&r+^|aaf+7ji&f  ....  (68) 

as  the  variation  of  «  due  to  the  change  of  form  and  position  of 
the  element.  The  variations  of  ^  and  7  have  similar  expressions. 

Prop.  XI. — To  find  the  electromotive  forces  in  a  moving  body. 

The  variation  of  the  velocity  of  the  vortices  in  a  moving  cJe« 
ment  is  due  to  two  causes — ^the  action  of  the  electromotive  forces^ 
and  the  change  of  form  and  positbn  of  the  element*  The  wholo 
variation  of  « is  therefore 

But  since  a  is  a  function  o{»,y,z  and  t,  the  variation  of  «  may 
be  also  written 
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BqoAtiDg  the  two  valtieB  of  to,  and  dividing  by  and  lemtm* 
boring  that  in  the  motion  of  an  ineompietiiole  medinm 

d  dx     d  dy     d  dg  ^ 

didi'^d^dt'^diW'^^'  

au(i  that  in  the  absence  of  free  magnetiBtu 



we  find 

1  /dQ     rfK\       d  da;       d  dz       d  d>j        d  dx 

,^^_d»dg^^dy    d0Sb_da  . 
iUdi     dz  dt     dydt^  dy  di     dl  ' 

Putting 

-Kf-f)  

where  F,  G,  and  H  are  the  values  of  the electrotonic  components 
for  a  tixed  point  of  spacc^  our  equation  becomes 

d/^,      dx        dM    dQ\     d(,,        dy      ^dx    dn\  ^ 

Hie  ezprenions  for  the  variations  of  P  and  y  give  ns  two  other 
eqoations  which  may  be  written  down  from  symmetiy*  The 
complete  Bolntion  of  the  three  equations  ie 

.  ^       dy      ^dz    d¥  d^ 


dx 

„       <fe        dx  dG 

_       adr         dij     rfH  </y 


(77) 


The  first  and  second  terms  of  each  equation  indicate  the  efieet 
of  the  motion  of  any  hodv  in  the  magnetic  field,  the  third  term 
^sfors  to  chsn^  in  the  electrotonic  state  produced  by  alterations 
of  jposition  or  intensity  of  magnets  or  cnrrents  in  the  field,  and 
^  IS  a  function  of  y,  z,  and  /,  which  is  indeterminate  as  far 
as  rq;ards  the  solution  of  the  original  equations,  but  which  may 
always  be  determined  in  any  given  case  from  the  circumstances 
of  the  problem.  The  physical  interpretation  of  ^  is,  that  it  is 
the  electric  tension  at  each  point  of  space. 
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The  physieil  meaning  of  the  tera»  in  the  flipfenion  for  the 
electromotive  foioe  depending  on  the  motion  of  the  body^  may 
be  made  limpler  by  supposing  the  field  of  magnetic  force  nni- 
formly  magnetized  with  intensity  a  in  the  direction  of  the  axis 
of  Then  li  l,m,nhe  the  direction-cosines  of  any  portion  of 
e  linear  conductor^  and  S  its  length,  the  electromotive  fi>ioe 
xeeolved  in  the  direction  of  the  oondnctor  will  be 

eaiS(P/+Qm4Bii),  (78) 

or 

e-S/^(m|-»|)  (79) 

that  is,  the  product  of  fut,  the  quantity  of  magnetic  induciioa 
om  unit  of  area  multiplied  by  ^(^^^^^[)»  ^®  awept 

ont  by  the  eondnefor  8  in  nntt  of  time,  reaoived  perpendicular 
t»ihe  diieetion  of  the  magnetie  foiee. 

The  electromotive  force  in  any  part  of  a  eondnetor  dne  to  ita 
motion  is  therefore  measured  by  the  mmber  of  lines  of  magnetie 
force  which  it  crosses  in  unit  of  time ;  and  the  total  eleetromo- 
tive  force  in  a  closed  conductor  ia  measured  by  the  change  of  the 
number  of  lines  of  force  which  pass  through  it ;  and  this  is  true 
whether  the  change  be  produced  by  the  motitm  of  the  oondnctor 
or  by  any  external  cause. 

In  order  to  understand  the  mechanism  by  which  the  motion 
of  a  conductor  across  lines  of  magnetic  force  generates  au  elec* 
troiuotive  force  in  that  conductor,  wc  must  remember  that  in 
Prop.  X.  we  have  proved  that  the  change  of  lorm  of  a  portion  of 
the  medinm  eontaming  vortices  podooea  a  change  ci  the  velocity 
of  those  Tortiecs;  and  in  partumlar  that  an  ertcnaion  of  the 
medium  in  the  direction  of  the  aies  of  the  vortices,  combined 
with  a  contraction  in  all  directions  perpendicular  to  this»  pro* 
duces  an  increase  of  velocity  of  the  vortices ;  vrhile  a  shortening 
of  the  axis  and  bulgmg  of  the  sides  produces  a  diminution  of  the 
velocity  of  the  vortices. 

This  change  of  the  velocity  of  the  vortices  arises  from  the  in- 
ternal effects  of  change  of  form,  and  is  indepL  uclint  of  that  pro- 
duced by  external  ciectromotive  forces.  If,  then  tore,  the  change 
of  velocity  be  prevented  or  checked,  electromotive  forces  will 
arise,  because  each  vortex  will  press  on  tJie  surrounding  partidea 
in  the  direction  m  wliick  it  tends  to  alter  lU  motion. 

Let  A,  fig.  4,  represent  the  section  of  a  vertical  wire  moving 
in  the  direction  of  the  arroir  ^m  west  to  east,  acroas  a  system 
of  lines  of  magnetic  ibrce  running  north  and  aouth*  The  curved 
lines  in  fig.  4  vqpresent  the  lines  of  fluid  motion  about  the  wixe^ 
the  wire  being  regarded  ae  stationary^  and  the  fluid  aa  bavuig  » 
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notum  relative  to  it.  It  is  evident  tbat^  ffom  this  figure,  weean 
trace  the  varintions  of  form  of  an  element  of  the  fioid,  as  the 

form  of  the  element  depends,  not  on  the  absolute  motion  of  the 
whole  system,  but  on  the  relative  motion  of  its  parts. 

Ill  front  of  the  wire,  ihnt  U,  on  its  enst  side,  it  will  be  seen  that 
as  the  wire  apjjronebes  eacii  portion  of  the  medium,  that  portion 
is  more  and  more  couipressed  in  the  direction  from  cast  lowest, 
and  extended  in  the  direction  from  north  to  south;  and  since 
the  axes  of  the  vortices  lie  in  the  north  and  south  direction,  their 
velocity  will  continually  tend  to  lucicase  by  Prop.  X.,  unless 
prevented  or  checked  by  electromotive  foroes  acting  on  the  cir- 
eiunference  of  each  vortex. 

We  shall  consider  an  eleetromoliye  force  as  positive  when  the 
vorticea  tend  to  move  the  interjacent  particles  nqnoarA  perpendi* 
eularly  to  the  plane  of  the  paper. 

The  vortices  appear  to  revolve  as  the  hands  of  a  watch  when 
we  look  at  them  from  south  to  north;  ao  that  cadi  vortex  moves 
upwards  on  its  west  side,  and  downwards  on  its  east  side.  In 
front  of  the  wire,  therefore,  where  eneh  vortex  is  striving  to  in- 
crease its  velocity,  the  electromotive  force  upwards  must  be 
greater  on  its  west  than  on  its  east  side.  There  will  thcrctore 
be  a  continual  increase  of  upward  electromotive  force  from  the 
remote  east,  where  it  is  zero,  to  the  front  of  the  moving  wire, 
where  the  upward  force  will  be  strongest. 

Behind  the  wire  a  diffei'ent  action  takes  place.  As  the  wire 
movea  away  from  each  successive  portion  of  the  medium,  that 
portion  is  ext»ided  from  east  to  west,  and  compressed  from  north 
to  south,  so  as  to  tend  to  diminish  the  velocity  of  the  vortiees, 
and  theiefoie  to  make  the  upward  electromotive  force  greater 
on  the  east  than  on  the  west  side  of  each  vortex»  The  upward 
electromotive  force  will  therefore  increase  continually  iirom  the 
remote  west,  where  it  is  zero,  io^the  back  of  the  moving  wire, 
where  it  will  be  stmnp-cst. 

It  appears,  theretore,  that  a  vertical  wire  movmg  eastwards 
will  experience  an  electromotive  force  tending  to  prodni  c  in  it 
an  upward  current.  If  there  is  no  conductinsr  circuit  in  con- 
nexion with  the  ends  of  the  wire,  no  cun'cnt  wiil  be  formed,  and 
the  magnetic  forces  will  not  be  alttrtd;  but  if  sucli  a  ciicuit 
exists,  there  will  be  a  current,  and  the  lines  of  magnetic  force 
and  the  velocity  of  the  vortices  will  be  altered  from  their  state 
previous  to  the  motion  of  the'  wire.  The  change  in  the  lines  of 
force  is  shown  in  fig.  5*  The  vortices  in  front  of  the  wire,  instead 
of  merely  producinjf  pressures,  actually  increase  in  vdocibf,  while 
those  behind  have  their  velocity  diminished,  and  those  at  the  sides 
of  the  wire  have  the  direction  of  their  axes  altered  |  ao  that  the 
final  effect  is  to  produce  a  .  force  acting  on  the  wire  aa  a  lesist* 
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ance  to  its  motion.  We  may  now  recapitulate  the  assumptious 
we  have  made^  and  the  resnlto  we  have  obtained. 

(1)  Magneto-electric  phenomena  are  due  to  the  existence  of 
matter  under  certain  cmditionaof  motion  or  of  pressure  in  evety 
part  of  the  magnetic  fields  and  not  to  direct  action  at  a  diatanoe 
between  the  magnets  or  currents.  The  substance  producing 
these  effects  may  be  a  certain  part  of  ordinary  matter,  or  it  may 
be  an  sether  associated  with  matter.  Its  density  is  greatest  in 
iron,  and  least  in  diamagnetic  snbstfinccs  ;  but  it  must  be  in  all 
cases,  excc])t  that  oi  iron,  very  rare,  since  no  other  substance  has 
a  large  ratio  uf  inatnif  tie  capacity  to  what  we  call  a  vacuum. 

(2)  The  condition  of  :iny  part  of  the  field,  tlirough  which  lines 
of  maernctic  force  pass,  is  one  of  uncquul  jn  cssure  in  different 
directions,  tlie  duection  of  the  hiieb  of  force  being  that  of  least 
pressure,  so  that  the  lines  of  force  may  be  considered  lines  of 
tension. 

(3)  This  inequality  of  pressure  is  produced  by  the  eadstence 
in  the  medium  of  vortices  or  eddies^  having  their  axes  in  the 

direction  of  the  lines  of  force  ,  and  having  theur  direction  of  rote* 
tion  determined  by  that  of  the  lines  of  force. 

We  have  supposed  that  the  direction  was  that  of  a  watch  to  a 

spectator  lookin2:  from  south  to  north.  We  might  with  equal 
propriety  have  c  lioscii  the  reverse  direction  ,  as  far  as  known  facts 
arc  concerned,  by  supposing  resinous  electricity  instead  of  vitreous 
to  be  positive.  The  effect  of  these  vortices  depends  on  their 
density,  and  on  their  velocity  «t  the  circumference,  and  is  inde- 
pendent of  tlieir  diaiiicler.  The  density  must  be  proportional  to 
the  capacity  of  the  substance  for  magnetic  induction,  that  of  the 
vortices  in  air  being  1.  The  vdoaty  must  be  very  great^  in 
order  to  produce  so  powerful  effects  in  so  rare  a  medium. 
*  The  sice  of  the  vortices  is  indeCerminato,  but  is  probably  very 
small  as  compared  with  that  of  a  complete  molecule  of  ordinary 
matter*. 

(4)  The  vortices  sre  separated^  from  each  other  by  a  smgle 

layer  of  round  particles,  so  that  a  system  of  cells  is  formed,  the 
partitioTif^  bcinor  these  layers  of  {>articles,  and  the  substance  of 
each  cell  being  capable  of  rotating  as  a  vortex. 

(5)  The  particles  forming  the  layer  are  m  roiling  contact  with 
both  the  \  orLices  which  they  separate,  but  do  not  rub  against 
each  other.    They  are  periectly  free  to  roli  between  the  vortices 

*  The  sBgolsr  momeBtum  of  the  system  of  vortf  est  depends  on  tfadv 
average  diameter;  so  that  if  the  diameter  were  sensible,  we  might  expcot 
that  a  magnet  would  behave  as  if  it  contained  a  revolving  body  "itlitn  if, 
and  that  the  existence  of  this  rotation  might  be  detected  by  experiments  ou 
<he  ftee  rotstioa  ef  a  magnet.  I  bavemade  experiments  to  iavestigate  Ibis 
qnesliou,  but  have  not  yet  fiaDy  tried  the  appaiatos. 


Digitizcu  by  Google 


846    Prof.  Maxwell  on  the  Theory  of  MoUcuker  Vortiea  * 

and  80-  to  ehange  their  placc^  provided  tkey  keep  within  out 
complete  molecule  of  the  snbatanoe ;  but  in  pesnng  from  one 
molecule  to  another  they  experience  resistance,  and  genemte 
inegailar  motions,  which  constitute  heat.  These  partadea,  in  our 
theory,  play  the  part  of  electricity.  Their  motion  of  tranafaUaon 
constitutes  an  electric  current,  their  rotation  serves  to  transmit 
the  motion  of  the  vortices  from  one  part  of  thr  field  to  another, 
and  the  tangential  pressures  thus  called  into  jilay  constitute  elec- 
^troinotive  force.  The  conception  of  a  particlr  having  its  motion 
connected  with  that  of  a  vortex  by  perfect  rollinp^  contact  may 
appear  somewhat  awkward.  I  do  nut  bring  it  iorward  as  a  mode 
of  connexion  existing  in  nature,  or  even  as  that  which  I  would 
wiUinglj  Msent  to  aa  an  dmtricai  hprpothesia.  It  is,  however,  a 
Biode  ocoonnexioii  which  iameehanically  conoeiYable,  and  easily 
investigated,  and  it  serves  to  bring  out  the  actual  meehanieal 
conneziona  between  the  known  electro-magnetic  phenomenal  ao 
that  I  venture  to  say  that  any  one  who  understands  the  provisional 
and  temporary  eharaetor  of  thia  bypotheais,  will  find  himself 
rather  helped  than  hindered  by  it  in  hia  search  after  the  trae 
interpretation  of  the  phenomena. 

The  action  between  the  vortices  and  the  layers  of  particles  is 
in  part  tangentinl  ;  so  that  if  there  were  any  slipping  or  dilieren- 
tial  motion  between  the  pai  ts  in  contact,  there  would  be  a  loss  of 
the  cncrpry  belonging  to  the  lines  of  force,  and  a  gradual  trans- 
formatioii  of  that  energy  into  heat.  Now  we  know  thai  the 
lines  of  force  about  a  magnet  are  maintained  for  an  indefinite 
time  without  any  eipenditure  of  energy ;  so  that  we  must  eon- 
dude  that  wherever  thera  ia  tangential  action  between  difierent 
parte  of  the  medium,  then  ia  no  motion  of  alipping  between 
those  parts.  We  must  therefore  conceive  that  the  vortices  and 
particles  roll  together  without  slipping;  and  that  the  interior 
strata  of  each  vortex  receive  their  proper  velocities  from  the  ex« 
terior  stratum  without  -ilipping,  that  is,  the  angular  vehictty 
must  be  the  same  tliroughont  each  vortex. 

The  only  process  in  whirl i  electro-magnetic  ( lu  rp:y  is  lost  and 
transformed  into  heat,  is  in  tiie  passage  of  electricity  from  one 
molecule  to  another,  in  all  other  cases  the  energy  of  the  vor- 
tices can  only  be  diminished  when  an  equivalent  quuulily  of  me- 
chanical work  is  done  by  magnetic  action. 

(6)  The  effect  of  an  deebrie  current  upon  the  auirounding 
medium  ts  to  make  the  vortices  in  contact  with  the  current 
revolvn  so  that  the  parts  next  to  the  enrrent  move  in  the  same 
direction  as  the  cumnt.  The  parte  furthest  from  the  current 
will  move  in  the  opposite  direction ;  and  if  the  medium  is  a  con- 
ductor of  electricity,  so  that  the  particles  are  free  to  move  in  anv 
direction^  the  particlea  touching  the  outside  of  thcaa  vortioeawiU 
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be  moved  in  a  direotbn  contmy  to  thai  of  the  eamaJt,  to  that 
there  will  be  an  indnoed  eanent  in  the  opponte  diieetion  to  the  * 
primary  ooe. 

If  thiere  weie  no  resistanoe  to  the  motion  of  the  particlei^  the 

induced  current  would  be  equal  and  opposite  to  the  primary  one, 
and  would  continue  as  long  as  the  primary  curront  lasted,  so  that 
it  would  prevent  all  action  of  the  primary  current  at  a  distance. 
If  there  is  a  resistance  to  the  induced  current,  its  particles  act 
upon  the  vortices  beyond  them,  and  transmit  the  motion  of  rota- 
tion to  them,  till  at  last  all  the  vortices  in  the  medium  arc  set  in 
motion  with  such  velocities  of  rotation  that  the  particles  between 
them  have  no  motion  except  tiiat  of  rotation,  and  do  not.produoe 
eonenti. 

In  the  transmisaion  of  the  motion  from  one  vortex  to  another, 
there  arises  a  force  between  the  particles  and  the  vortices,  by 
which  the  particles  are  pressed  in  one  direction  and  the  vofticea 
in  the  opposite  direction.  We  call  the  foroe  acting  on  the  par^ 
tides  the  electromotive  force.  The  reaction  on  the  vortices  is 
equal  and  opposite,  so  that  the  electromotive  force  cannot  move 
any  part  of  the  medium  as  a  whole,  it  can  only  produce  currents. 
When  the  primary  current  is  stopped,  the  electromotive  forces 
all  act  in  the  opposite  direction. 

(7)  When  an  electric  current  or  a  magnet  is  moved  in  pre- 
sence of  a  conductor,  the  velocity  of  rotation  of  the  vortices  in 
an^  part  of  the  field  is  altered  by  that*  motion.  The  force  by 
wbidi  the  proper  amount  of  rotation  is  transmitted  to  eacb  vor- 
ta,  oonstitntes  in  thie  ease  also  an  eleetiomotive  Ibroe,  and^  if 
permitted,  will  prodoce  currents. 

(8)  When  a  conductor  is  moved  in  a  field  of  magnetie  fbroe, 
the  vortices  in  it  and  in  its  neighbourhood  are  moved  out  ^ 
their  places,  and  are  changed  in  form.  The  force  arising  from 
these  changes  constitutes  the  electromotive  force  on  a  moving 
conductor,  and  is  found  by  calculation  to  correspond  with  that 
determined  by  experiment. 

I  We  have  now  shown  in  what  way  electro-magnetic  phenomen^ 
^may  be  imitated  by  an  imaginary  system  of  molecular  vorticesj 
TThose  who  have  b^n  already  inclined  to  adopt  an  hypothesis  of 
this  Idnd,  wiU  find  here  the  conditions  which  must  be  fulfilled  in 
order  to  give  it  mathematical  coherency  and  a  oomparison^  to 
far  satiafaetorv,  between  its  necessary  rmlts  and  known  facts. 
Those  who  look  in  a  difforent  direction  for  the  explanation  of  the 
facts,  may  be  able  to  compare  this  theory  with  that  of  the  ezist«> 
ence  of  corrents  flowing  freely  through  bodies,  and  with  that 
which  supposes  electricity  to  act  at  a  distance  with  a  force  de- 
pending on  Its  velocity,  and  therefore  not  subject  to  the  law  of 
conservation  of  energya 
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The  facts  of  electro-magnetism  are  so  complicated  and  variousj 
that  tlie  explanation  of  any  nnmbier  of  tbem  by  several  different 
Bypotheaes  must  be  interesting,  notonl^  to  pbysicists,  bat  to  all 
wbo  desire  to  understand  bow  much  evidence  the  explanation  of 
pbenomena  lenda  to  the  credibility  of  a  theory,  or  how  far  we 
ought  to  regard  a  coineidence  in  the  mathematical  expression  of 
.two  sets  of  phenomena  as  an  indication  that  these  phenomena 
are  of  the  same  kind.  We  know  that  partial  roincidcnccsof  this 
kind  have  been  discovered ;  and  the  fact  that  they  arc  only 
partial  is  proved  by  the  divergence  of  the  laws  of  the  two  sets  of 
pbenoQieiiu  m  other  respects.  We  may  chance  to  fiud^  in  the 
higher  parts  of  physics,  instances  of  more  complete  coincidence, 
which  may  require  much  investigation  to  detect  their  ultimate 
divergence. 

Able.— ^ince  the  first  part  of  this  paper  was  written,  I  have 
seen  in  Crelle's  Journal  for  1859,  a  paper  by  Fh>f.  Hehnholts  on 
naid  Motion,  in  which  he  has  pdnted  out  that  the  lines  of  fluid 
niotion  are  arranged  according  to  the  same  laws  as  the  lines  of 
inagnetic  force,  the  path  of  an  electric  current  corresponding  to 
a  line  of  axes  of  those  particles  of  the  fluid  which  are  in  a  state 
of  rotation.  This  is  an  additional  instance  of  a  physical  analoff^, 
the  investigation  of  which  may  illustrate  both  electro-magnetism 


LII.  Remarks  on  Mr.  Cayley'a  Note*    By  G.  B.  Jerrabd*. 

DESIGNATING  by  u,  v  two  rational  n-valned  homogeneous 
functions  of  the  roots  of  the  equation 

we  find  by  Lagrange's  theory  that 

in  which  .  F«.f, . .    are  symmetncal  func- 

tions of  the  roots  of  the  original  equation  in  jrj  and  9  depend 
separately  on  two  equations  of  the  nth  degree 

ll''+«,«-'  +  «gtf-»+..+<l.aO,      •    .    .  (U) 

«*+^,r'-»+/^tJ^+..+/3„=0,      .   .    .  (V) 

a„     .  .a„,  .      being,  as  well  as        .  .Kg,  symmetrical 

Ibnctions  of  the  roots  of  the  equation  in  x, 
I  ought  to  observe  that  any  coefficient,        in  the  equation 


and  hydrodynamics. 


*  CoMmimiested  by  the  Author. 
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(ej)  may  take  the  form 

D  ' 

M|,.«,  D  being  expressive  of  whole  functions,  and  D,  which  re- 
mains constant  vvlijlc  successively  becomes  Mn_,,M„_2, .  .Mq, 
being  such  as  not  to  vanish  except  when  (U)  has  equal  louts. 
IVc  fiad  in  fact  from  the  researehea  of  Lagrange  that 

D=F(u,)F(«J,.FK), 

where  P(ii)=ni<*->  +  (/i- ti«-«+  (it-2)«att*->+  . .  H-**-! ; 
Uj,  ti,, . . ««  denoting  the  n  roota  of  the  equation  (U). 
Of  the  meaning  of  the  analogooa  expreaaion 


which  obtaina  in  {e^  for  Vn-n  it  is  needless  to  speak.  Indeed, 
having  found  one  of  the  two  equations  [e),  say  (t,),  we  may  in 
general  dedncn  the  other,  (ej,  from  it  by  the  method  of  the 
highest  common  divisor. 

Let  us  now  examine  the  following  extract  from  Mr.  Cayley'a 
paper  in  the  last  Number  (that  for  March)  of  the  Philosophical 
Magazine. 

"  Writing/^  he  says,    with  I^Ir.  Cockle  and  Mr.  Harley, 

then  (r  +  r'is  a  symmetrical  function  of  all  the  roots,  and  it 

must  be  exrltuled;  but)  [r  —  i^)^  or  tt^  arc  rrieh  of  them  6-valued 
functions  of  the  form  in  question,  and  either  of  these  functions 
is  linearly  connected  with  the  Resolvent  Product.  In  liagrauge'a 
general  theory  of  the  solution  of  equations,  if 

fi^Xx  4*  u?,+  *'«'s+     + *^*at 

then  the  coefficients  of  the  equation  the  roots  whereof  are  (/t)^, 
(/^^)^  «^nd  in  particular  the  last  coefficient 

are  determined  oy  an  equation  of  the  aizth 
degree ;  and  thia  hut  coefBcient  ia  a  perfect  6fth  power,  and  ita 
fifth  root,  or  ft  ft* ffifi\  ia  the  function  juat  referred  to  aa  die 
Resolvent  Product. 

"  The  conclusion  from  the  foregoing  remarks  is,  that  if  the 
equation  for  W  has  the  above  property  of  the  rational  expressi" 
bility  of  its  roots,  the  equation  of  the  sixth  order  reaolting  from 
Lagrange's  general  theory  has  the  same  property/* 

Here  the  question  arises.  Is  it  certain  thui  fifty^^fi^  can,  by 
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TiicariR  of  Lnprmnge's  theory,  be  eipressed  generally  in  rational 

terms  of  {/iJi^/L^/ty?* 

Denoting  those  functions  by  u,  v  respectively,  we  have  in  this 
case 

1186,111=5.  I 
Now  on  substitutiug  u*'^  or    for  v  in  the  equation  (ej,  we 
flee  that  {e^)  will  itaerge  into  ' 

/i»+/*4iH-/iett«+..  +  (#io-iy=0,    .   .   (i!',)  I 
wherein,  eince  (U)  is  in  general  irrednciblef,  we  must  have  I 

/^6=0,    /*4  =  0,../Ao— 1=0.  I 

Accordingly,  on  combining  the  equatiuns  {e^),  (U),  that  is  to  ^ 

0 

the  equation  (^'j)  being,  as  we  set%  illusory. 

We  are  therefore  not  permitted  to  assume  tliat  the  resolveut 
product  can  in  general — that  is,  when  (U)  hat  no  equal  roots^ 
De  expreaaed  rationally  in  tenna  of  ita  fifth  power. 

Again,  it  ia  generally  posaible  to  eatabliah  a  rational  commu- 
nication  between  that  fifth  power  and  the  function  W,  aa  ia 
evidenced  in  this  latter  case  from  the  non-existence  of  any  illnfloiy  | 
equation  corresponding  to  (c',).  ' 

We  are  thus  furnished,  as  will  be  seen,  with  a  new  confirmation 
of  the  validity  of  my  uathod  of  aolving  eqnationa  of  the  fifth 
degree. 
April  1861. 

[To  be  coQtmued.] 


IiIII.  On  the  Principles  of  Bneyetiee. — Vmt  U.  Mokeukr 
Meehaniee,   By  J.  S.  Stuakt  Glbnnib,  FJLdJS^X 

Section  I.  Physiee.  1 
16.  T  PROCEED  to  consider  the  Principles  of  Energetics,  or 
X  the  acienoe  of  Mechanical  Forces,  which  seem  to  aA»d 
the  baaea  of  an  explanation  of  physical  motiona*  There  is  at 
present  no  attempt  at  a  systematic  elaboration  of  these  principles, 
or  mathematical  application  of  them  to  the  expression  and  expla- 

*  It  wfll  be  understood  that  our  presmt  inquiry  rektes  to  the  possibility 
of  expressing  either  of  the  two  quantities  ti,  v  as  a  rational  functHMi  of  the 
other  and  of  the  elements,  A,,  Aj, . .  A^.  Thus  K' r,  . .  ]  is  sii])posed  to  mean 
the  same  thing  as  R(v,  A^,  A|, . .  Am)  i  K  indicatmg  a  rational  fiinctioii. 

t  Aa  defined  by  Abel. 

X  Communicated  by  the  Author.    In  reference  to  the  first  part  of  this  4 
paper,  note  that  the  worA  "  rotntion     in  the  fourth  line  fiODI  the  bottom 
of  p.  28a  of  the  last  Number  lor  rsvolution." 
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nation  of  }>henoinena.  Pre vioiis  to  such  an  attempt,  it  is  thought 
advisabiti  to  enunciate  these  principles  in  their  most  general  form^ 
and  give  them  merely  experimental  illustration. 

The  principles  to  be  set  forth  in  this  paper  will  lead  me  to 
remark  on  the  physical  theories  recently  published  in  this  Journal 
b¥  Prof.  ChaUis  and  Prof.  Maxwell,  ft  will  be  found  that  as  my 
tneory  refers  attradaona  to  differential  oonditioni  of  streaa  and 
atrain,  of  presanre  and  teniion^  among  elaatic  bodiea,  it  agreea 
rather  with  the  molecular  theory  of  the  latter,  than  with  the  hy< 
drodynamical  theory  of  the  former ;  that  the  point  of  funda- 
mental difference  from  both  ia  in  the  eonception  offered  of 
Matter ;  and  that  on  this  point  my  theory  is  a  development  of 
the  views  to  which  experiment  has  led  ^Ir.  Faradny. 

17.  (I.)  Atoms  are  mutually  determinmg  centres  of  pressure* 

18.  If  this  idea  of  an  atom,  as  a  body  of  any  size,  acting  and 
reacting  on  another  similar  b(jdy  by  the  pressure  of  the  con- 
tinued, intinitesimal,  but  siiiulai-  particles  of  which  each  centre 
is  an  ^gregate,  be  clearly  conceived,  it  may  be  expressed  in 
many  different  forms.  I  have,  for  instance,  in  the  introductory 
paper  spoken  of  a  body  thui  oonoeived  aa  a  Centre  of  linea  of 
Pceaaurei  or  an  Elaatic  System  with  a  centre  of  reaiatanee.  But 
heie^  more  dearly  to  ezpreaa  the  idea  in  contrast  with  the  fan^ 
damental  hypotheaea  of  Prof.  Challis,  an  atom  may  be  defined 
as  a  centre  of  an  manuUmg  elaatic  tether,  the  preaaure  of  which 
ia  directly  as  the  mass  of  ita  centre,  and  the  form  of  which  de- 
pends on  the  relative  pressures  of  surrounding  atoms.  Thus,  if 
you  will,  matter  may  be  said  to  be  made  up  of  particles  in  an 
elastic  aether.  But  that  rcther  is  not  a  uniform  circumambient 
fluid,  but  made  up  of  the  mutually  determining^  aethers  (if  yon 
wish  to  give  the  outer  part  of  the  atom  a  special  name)  emana- 
ting from  the  central  particles.  And  these  central  particles  are 
nothing  but  what  (eiideavouiing  to  make  ui^  theory  clear  by 
enresaing  it  in  the  language  of  the  theories  it  opposes)  I  may 
cafl  «theral  nncld. 

"  Hence/'  according  to  the  eonception  of  Faraday, matter 
will  be  oontinuona  throughout,  and  m  considering  a  mass  of  it 
we  have  not  to  anppose  a  distinction  between  ita  atoms  and  any 

intervening  space   The  atoms  may  be  conceived  of  as 

highly  elastic,  instead  of  being  anpposed  excessively  hard  and 

unalterable  in  form  With  regard  also  to  the  shape  of  the 

atniTis   That  which  is  ordinarily  referred  to  under  the 

term  shape  would  now  be  rei'erred  to  the  disposition  and  relative 
intensity  of  the  forces 

*  Phil.  Mag.  1844.  vol.  xxiv.  p.  142^  or  Eiperimentnl  Researehsib 
vol.  ii.  p.  284.  See  also  Phil.  Mag.  1846,  vol  aiTiii.  Ko.  18dj  or  Elpe- 
limeDtiQ  Researches,  vol.  iiL  p.  44  a 
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19.  I  venture  to  offer  this  conception  of  atoms,  not  a  mere 
bypothesif?,  but  as  a  fundatneutal  scicntitic  principle.  For  there 
is  this  involved  in  it — ^that  as  a  phenomenon  is  scienttjically  ex- 

laiued  only  when,  and  so  far  as,  it  is  shown  to  be  determined 
y  other  phenomena,  the  conception  of  Matter  itself  must  be 
relative,  and  its  paits  be  conceived  as  mutually  determined. 

Now  Pressure  it  not  only  an  ultimate  idea,  iadudingall  those 
qualities  of  Matter  classed  by  the  metaphysicians  as  the  Seenndo> 
primary^  but  is,  unlike  those,  for  instance,  of  Trinal  eztensioui 
Ultimate  incompressibility,  Mobility,  and  Situation  (the  primary 
qualities),  not  an  absolute^  but  a  relative  conception,  and,  as 
•uch|  that  on  which  alone  can  be  founded  a  strictly  scientific 
theory  of  material  phenomena.  For  in  the  foundation  of  a 
theory  based  on  the  conception  of  the  parts  of  matter  as  centres 
of  pressure,  there  is  nothnip-,  properly  speakino",  hypothetical, 
as  no  absolute,  intrinsic,  or  m dependent  qualities  of  fortn,  hard- 
ness, motion,  &c.  are  postulated  for  atoms ;  and  in  their  defini- 
tion nothing  more  is  done  than  an  expression  j;ivea  to  our  ulti- 
mate and  necessarily  relative  conception  of  matter. 

In  defining  Atoms  as  Centres  of  Pressure,  thevare  thus  no  less 
distiDguished  on  the  one  hand  from  Centres  of  Torce,  than  from 
the  little  hard  bodies  of  the  ordinary  theories ;  for  such  Centres 
of  Force  are  just  as  absolute  and  self-existent  in  the  ordinary 
eonception  of  them  as  are  those  litUc  bodies.  And  lu  a  scientific 
theoty  there  can,  except  as  temporary  conveniences,  be  no  abso- 
lute existencetj— entities.  Hence  (Mechanical)  Force,  or  the 
cause  of  motion,  is  conceived,  not  as  an  entity,  but  as  a  condi- 
tion— the  condition,  namely,  of  a  difference  of  Pressure*;  and 
tht^  liL^ur*  ,  size,  and  hardness  of  all  bodies  arc  conceived  as  rela- 
tive, (1(  ]H  ndent,  and  therefore  changeable.  There  are  thus  no 
absolutely  ultimate  bodies. 

20.  But  the  full  justification  of  advancing  this  conception  of 
Atoms  us  a  fuiitiamciital  scientific  princi]>le,  is  found  in  the  prin- 
ciples of  the  modern  critical  school  of  philosophy — in  that  espc- 
dilly  of  the  relativity  of  knowledge.  Ytom  su^  a  point  of  view 
this  principle  cannot  here  be  considered,  f  must  limit  myself^ 
therefore,  to  a  criticism  of  the  opposed  conce])t  ion  of  atoms  in  a 
uniform  sether,  as  developed  by  Prof.  Challis,  and  to  the  attempt 
to  show  that,  with  the  conception  of  atoms  here  offered,  Prof. 
Maxwell's  somewhat  arbitrary  hypothesis  of  vortices  becomes  un- 
necessary. For  I  agree  with  the  former  in  thinking  that,  *'  after 
all  that  can  be  done  by  this  kind  of  research,  an  independent 
and  a  priori  theory  is  still  needed  t I  observe  that 

*  Sec  tlic  frr^t  part  of  tibift  |»per,  Phil.  Mafr.  April,  p.  27.5. 
t  "  On  ThiuricM  of  Mapetism  nnd  other  Foreea,  ia  reply  to  Bcmsrlcs 
by  PfofeMor  MaxweUj"  PhiL  Mag.  April,  p.  253. 
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object  of  the.  ktter  ^»  to  clear  the  way  for  Ipecolation  V' 
rather  than  to  advanoe  a  complete  gcueral  theoiy.  . 

In  oxamining  ProfeMor  Gballia's  fundamental  hypothetieal 
facts/'  I  hope  to  show  that  they  are  opposed  (1)  by  Newton^ 
Roles  of  PhiloiOphiidng ;  (2)  by  the  principles  of  Metaphysics, 
as  the  modem  Science  of  the  Conditions  of  Thought ;  and  (3)  by 
the  conceptions  of  matter,  of  the  interaction  of  its  different  parts, 
and  of  motion  and  force,  to  which  modern  experimental  researches 
have  led. 

21.  "The  fundamental  hypotliftit  ul  facts  on  which  the  [Prof. 
Cballis's]  theory  rests  are,  that  all  substances  consii^t  of  minute 
spherical  atuuis,  of  different,  but  constant,  magnitudes,  and  of  the 
same  intrini^ic  inertia,  and  that  the  dynamical  relations  and 
movements  of  different  substances  are  determined  by  the  mu- 
tiona  and  piessnrea  of  a  nniform  dastic  medium  pervading  all 
apace  not  occupied  by  atomsj  and  varying  in  prcBsnie  in  propor- 
tion to  variations  of  its  density  f/^  Praf.  Chatlia  farther  aaya 
that  he  has  been  gaided  by  Newton's  views  on  the  ultimate 
properties  of  matter^  especially  as  embodied  in  the  Regula  Tertia 
PMhiopkandi  in  the  Third  Book  of  the  '  Principia and  that 
he  has  merely  "  added  to  the  Newtonian  hypotheses  two  others^ 
viz.  that  the  ultimate  atoms  of  bodies  are  spherical,  and  that  they  , 
are  acted  upon  by  the  pressure  of  a  highly  elastic  medium];.'* 
But  on  referenda  to  the  cited  rule,  no  "  Ne^vtonian  hypotheses" 
will  be  found,  only  a  statement  of  the  actual  general  qualities  of 
matter.  And,  setting  aside  the  "additional  hypothesis"  of 
sphericity,  so  far  are  the  hypotliescji  of  ultimate  indivisible 
atoms,  and  these  of  an  indeterminate  number  of  different  sizes^ 
though  of  the  same  intrinsic  inertia,  Newtonian,  that  Newton 
says,  '*At  li  vel  nnioo  constaret  experimento  qood  partieniR 
ahqna  mdiTiaa,  frangendo  eosepw  dnnim  et  lolidnm,  divisbnem 
pateretur;  concluderemos  vi  hnjns  regnln,  qnod  non  solum 
partes  diviss  separabiks  essent,  sed  etiam  quod  iudivisse  in  infi- 
nitom  dividi  possent/'  And  Le  Seur  and  Jaequier  add  in  their 
note:  "Hinc  patet  differentia  Newtonianismi  et  hypotheseos 
Atomorum;  Atomistse  necessario  et  mctaphysice  atomos  esse 
indivi«;ibiles  volunt,  ut  sint  corporum  unitates;  Metaphysicam 
banc  qusestionem  missam  facit  Newtonus  ....  omnem  hac  de  re 
Theoriam  Metaphysicam  experinientis  facile  po^tponens.^'  So 
that  not  only  are  Professor  Challis's  li yputhcses  as  to  "  ulti- 
mate" bodies  unwarranted  by  the  rule  he  vouches,  but  he 
appears  as  of  that  very  metaphysical  school  of  Atomists^  New- 

i 

-  *  **  The  Tbeoty  of  Moleeuhur  Vorticei  applied  to  MagneCie  Phenomena," 

Phil.  Mag.  Mftrch,  p.  162. 

t  PhU.  Mag.  Fob  1R61,  p.  106.      %  IhiA.  Per.  1 pp. 443  and 444, 
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ton's  oppontkni  to  wbkb  is  implied  ib  Us  B^/nik  IM* 

9ophanai, 

No  leag  dear  is  it  that  the  postulate  of  two  different  kinds  of 

matter,  one  with  the  qualities  of  inertia  and  elasticity,  the  other 
without  the  secoud  of  these  qualities,  is  opposed  by  the  very 
termsj  not  only  of  the  third  rule,  "Qualitates  corporum  qufe 
iotcndi  et  rcniitti  nequeunt,  quaeque  corporibua  omnibus  coiu|>€- 
tuiit  iu  quibub  cxpcrimeLita  instituere  licet,  pro  qualitntibus  cor- 
porum uuiversoruiii  habendae  sunt,"  but  by  the  teims  of  the 
first  rule  also,  ''causas  renun  naturaliiim  non  pluies  i^dmitti 
debere,  ouam  qose  el  Mrw  mud  et  eanim  pkMKmenb  mafiSh 
eendia  nuBciuit/' 

2%,  Conaideiv  leeondly,  how  eodi  hypotheeee  eve  judged  by 
the  modem  prindplee  (if  MeUphyiiee*  For  it  is  evident  that 
the  theories  of  eTeiy  science  muit  ultimately  be  judged  by  the 
results  of  a  icienoey  r^Off^  rtj^mv  ml  eTri^Tqj^  iwtmtfk&v, 
which,  defining  the  conditions  of  knowledge,  gives  canons  for 
the  criticism  of  hypotheses.  As  this  is  no  place  for  a  metaphy- 
sical discussion,  let  it  suthce  to  say  tliat  the  theory  of  the  rela- 
tivity of  cognition  seems  to  justify  the  euounccment  ot  this  canon 
as  a  test  of  theories  put  itjrwaid  as  scientific.  A  scientific  (phy- 
sical) theory  is  founued  on  postulates  of  Relations,  not  on  postu- 
lates of  abaoiulcly  existing  ljuUUes.  According  to  thi:^  mle  it  is 
evident  that  if,  for  instance,  a  theory  requires  an  atom  of  a  cef- 
tatn  liie  or  hardness  it  ean  only  be  gmnted  whm  it  will  Btaad 
w  an  expreaaioii  of  &e  relatioa  between  the  foroee  diatingaiihed 
at  that  point  aa  intemal  and  esternal ;  lo  if  a  eertain  daaM^i 
rotatory,  or  other  motion  of  a  body  is  reqairedg  the  theory  muat 
take  that  elaatioitjr  or  rotatory  motion^  not  aa  an  absolute  pro- 
perty, but  along  with  those  relative  emiditiona  of  othor  booiia 
which  determine  such  elasticity  or  motion. 

23  Without  advancing  any  other  defence,  this  canon  may  he 
justitied  by  the  consequence  of  its  neglect.  For  a  theory  founded 
on  postulates  of  absolute  quaUties — entities — must  necessarily 
reason  iu  a  circle,  accounting  for  phenomena  by  the  same  phe- 
nomena already  assumed  as  ultimate. 

Thus,  though  Frufessor  Cliallis  says  that  it  would  be  contrary 
to  principle  "  to  ascribe  to  an  atom  the  propcity  of  elasticity, 
beeauaoj  froin  what  we  know  of  thk  property  by  experience!  it  il 
quantitative,  and  being  moat  probably  dependent  on  an  ^ggr^" 
Hon  of  atoma,  may  admit  of  explanation  hy  a  complete  theorjr  of 
molecular  forces*,''  he  haa  no  hesitation  in  ascribing  elaaticit¥ 
to  the  partidea  of  the  aether,  whichi  if  anything,  are  as  much 
atoma  of  matter  as  the  "  hard atoms.  But  further,  as  to  hard- 
nesa,  is  it  not  the  case  that,  ''from  what  we  know  of  thia  pM« 

•  niU.  Mag.  Febnitty  186Q,  p.  89. 
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p«ty  bjr  experience/'  H  alio  ''may  admit  of  eipliiuitkm  l>y  a 
fwrnfikto  thecny  of  moleeular  forees  r*  It  it  not  tberafore  ielf« 
contrediBtarY  to  tttribate  dbatieity  to  one  sort  of  matter,  and 
jastify  ita  dflDial  to  another,  on  grounde  wbiaib  votild  equally 

iqpply  to  the  quality  by  which  this  other  sort  of  matter  is  cQstin- 
guished  from  the  former  ?  And  is  not  a  theory  laUaciouB  whiehf 
if  it  attempts  to  explain  relative  elasticity  or  relative  hardness, 
must  do  so  by  means  of  hypothetical  and  ineonoeivable^  abao* 
iutely  elastic,  and  absolutely  hard  entities? 

24.  But  further,  examiuing  these  fundamental  facts  by  the 
results  of  the  analysis  of  the  qualities  of  matter,  it  will  be  seen 
that  it  IS  attempted  to  found  a  ])hys)cal  theory  on  the  hjrpothesis 
of  a  physical  matter  acting  ou  a  matheuiaticul  niatter.  An  elastio 
matter  may  be  nhysicall^  oonceivable ;  but  the  interaction  of  aadl 
a  matter  and  bodtea  witboot  any  physical  qnaliiyi  but  ma» 
abatnetiona  of  the  metaphyiieal  qnaUtiea  dedneeable  from  the 
leapeotive  oonditioDa  of  occupying  and  being  contained  in  apaei^ 
cannot  but  be  experimentally  inconceivable. 

25.  Consider  therefore,  thirdly,  the  experimental  ooneeptioiia 
to  which  these  ''hypothetical  facts'^  are  oppoaed;  and  (1)  the 
conception  of  matter. 

The  conception  of  an  absolute,  or  uniform,  and  universal  clastic 
sether  is  ojj posed  to  the  conception  now  formed  of  such  similar 
entities  as  the  old  electric  fluids,  &:c. ;  iiamelvj  that  electricity  is 
not  an  entity,  but  the  expression  of  a  ccrtani  ])hysical  relation 
between  bodies,  the  electric  state  being  kept  up  by,  and  entirely 
dependent  upon,  the  bodies  auiong  which  the  electric  body  at 
any  time  is^  or  may  be  brought.  Hence  it  should  seem  that  if  • 
theory  reqaivea  an  daatie  mer,  ita  elasticibr  mnat  be  eoneebed 
aa  idTative  or  determined  by  the  masses  and  distancea  of  bodies^ 
and  hence  evidently  elastieity  be  eoneeivedaa  ^nno  das  piopiiMs 
g^n^rales  de  la  matiere*  " 

And  the  notion  of  absolutely  existuig  spherical  atoms  of  dif« 
ferent  magnitudes  not  only  begs  as  many  separate  creations  of 
atoms  as  our  fancy  may  8up"^est  differences  in  their  size,  bnt  is 
opposed  to  the  conception  of  tlu  transmutation  of  matter,  general- 
ized from  the  iact  that  \\c  have  in  physics  at  least  no  creations, 
but  perpetual  changes  dependent  upon  the  ever*varymg  reiatLons 
of  bodies. 

26.  But  (2)  the  idea  of  motions  ariising  from  the  action  of  an 
elastic  fluid  on  an  inelastic  absolutely  hard  and  smooth  body  is 
opposed  to  all  experimental  eonoeptions  of  the  interaetion  of  the 
parts  of  matter.  For  not  only  do  we  seem  to  be  led  by  eiperi* 
ment  to  a  conception  of  the  conthnnty  of  eretr  part  of  matter  by 
the  cohesion  of  other  bodies,  so  that  it  shonla  seem  to  be  impos* 

*  Um<»qiisSelkFtttI.oftlHspmr,  iniil.Msg.Apia,p^8^^ 
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•ible  for  a  iliud  to  act  on  a  solid  except  through  a  mediate  ot 
immediate  eoheaion«  bat  we  are  led  by  the  Mediawical  Theory  of 
Heat  to  conceive  every  impulie  eommunicated  to  a  bodv  to  be 
productive  of  internal  as  well  as  external  motion.  It  is  of  course, 
necessary  to  make  abstraction,  out  of  the  infinite  number  of 
effects,  of  the  particular  effect  we  may  desire  to  consider.  But 
aahypothesisof  infinitely  hard  atoms  not  merely  requires^  in  the 
consideration  of  the  motion  of  such  an  atom,  abstraction  to  be 
made  of  the  intrrior  relative  motions  nho  consequent  on  that 
difference  of  pressures  which  causes  its  external  relative  motion^ 
hut  explicitly  denies  any  internal  motion. 

It  ujfiy  be  here  noted  that  the  Mechanical  Theory  of  Heat 
would  kael  us  to  consider  as  "ultimate"  no  special  class  of 
bodies  or  molecules,  except  siiuply  those,  of  tlie  internal  motions 
of  which  we  do  not  in  any  particular  theoretical,  or  cannot  in  an 
aqperimental,  investigation  take  account.  So  any  hardnesa  may 
be  called  ^'infinite''  if  we  do  not  consider  the  internal  motions, 
or  change  of  form,  consequent  on  the  application  of  a  force  whicli 
causes  the  translation  of  the  body.  But  Professor  Challis  re- 
quires us  to  concede  as  physical  facts  what  are  properly  but  con* 
venient  mathematical  abitractions. 

27.  Again  (3),  the  conception  of  the  origination  of  motion 
under  such  conditions  as  a  uniform  aether  and  discrete  atoms  ^ 
therein,  all  of  the  same  mass,  is  opposed  to  the  ex  perimental  con- 
ception of  motion  as  originatmg  m  difference  in  the  mutual  pres* 
sures  of  bodu  s.  For  these  hypotheses  ^ue  m  the  conditions  of 
an  eternal  equilibrium.  In  the  theory  1  propose,  it  is  evident 
that  anythmg  short  of  an  absolute  equality  in  the  masses  uud 
distances  of  the  parts  of  matter  implies  iniiaite  mutually  deter- 
mining motions. 

And  Professor  GhaUis  speaks  of  ''the  existence  of  the  nllier 
as  the  sole  source  of  physical  power'*'/'  But  in  a  mechanical 
theory,  as  1  have  in  the  introductory,  and  in  the  first  part  of 
this,  paper  shown,  nothing  can  be  accurately  spoken  of  as^  of 
itself,  "  a  source  of  power."  "  A  scarce  of  power/'  a  cause  of 
motion,  or  a  force,  is  simply  the  difference  in  relation  to  a  third 
body  of  two  resultant  pressures  upon  it.  And  there  can  thus  be 
no  conceivable  mechanical  power  in  a  fluid  of  which  the  elasticity 
is  uniform,  and  on  which  the  re;u  ti  .n  of  different  solids  within 
it  should  seem,  by  this  theory,  to  be  either  nothing  or  the  same. 

28.  Professor  Challis  further  conceives  the  physical  forces  to 
be  correlated  as  *'  modes  ol  action  of  a  single  elastic  medium." 
But  I  shall  endeavour  in  the  sequel  to  distinguish  these  cor- 
relations, and  to  show  that  they  are  either  coexisting,  mutually 

*  Pliil.  Ksg.  Febnisiy  1861,  p.  106;  ud  Deoember  1859,  p.  444. 
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iMHuative^  or  sequential  wnokeuktr  motions.  For  the  trae  applica* 
tipn  of  Hydrodynaoues  would  seem  to  be  rather  to  actual  solids 
and  fluids,  than  to  such  ''hypothetical  facts''  as  form  the  bases 

of  Professor  Challis's  Theory  of  Physics.  How  much  work  re- 
mains to  be  done  ia  that  true  direction  is  well  known ;  and  the 
greatness  of  the  results  in  the  knowledge  that  might  thereby  be 
given  of  the  formation  of  the  foIrf  and  other  sidereal  systems, 
makes  every  contribution  to  Hydrodynamics^  whatever  the 
immediate  particular  application  of  the  theorems,  oi  peculiar 
value. 

29.  If,  therefore,  the  true  application  of  Ilydrodynfimics  has 
been  mistaken,  and  if  a  Hydrodyuauiicui  Theory  uf  Fhysics  must 
be  founded  on  entities,  hypothetical  solids  and  fluids,  to  which 
such  objections  as  the  foregoing  can  be  urged,  there  remains  for 
us  only  a  Moleenlar  Theory  of  rhysics.  It  is  because  to  aneh  a 
Theory  all  the  most  important  modem  physical  researehes  seem 
to  point,  that  I  have  thought  it  necessary  to  examine  at  such 
length  the  "fundamental  facta''  of  Professor  Challis.  ^or  the 
gr«Kt  result  of  modem  science  migf  be  said  to  be  the  relative  con- 
ception  it  gives  of  every  phenomenon,  and  hence  the  demand 
that  the  fundamental  facts  of  any  theory  be  conceived,  not  as 
absolute  and  mdependcnt  existences,  but  as  expressions  of  rela- 
tions. Now  a  Molecular  is  distinguished  from  a  Hydrodyna- 
mical  Theory  of  Physics  in  this, — that  while  in  the  latter  the 
states  and  motions  of  bodies  arc  explained  by  the  action  on  them 
of  sonic  hypothetical,  unifuini,  absolute,  and  all-pcr^'ading  entity, 
in  the  former  theory,  physical  states  and  motions  are  reierred  to 
differential  eonditions  of  stress  and  strain  among  the  actual  con- 
stituent molecules  of  bodies.  Hence  the  erident  experimental 
advantage  of  a  Molecukr  Theory  is,  that  its  hypotheses  being 
as  to  relatiTc  conditions  of  Molecufaur  pressure  and  tension,  trans- 
mission of  motion,  &c.,  they  are  more  or  less  capable  of  experi- 
mental proof  or  disproof ;  and  such  a  theory  will  be  at  least  pro- 
liiie  in  the  suggestion  of  experiment.  But  where  one  deals  with 
the  waves  or  currents  of  nn  absolute  rrthiT  acting  on  absolute 
atoms,  a  plausible  theory  may  indeed  be  made  out,  but  it  is 
because  its  conceptions  are  fundamentally  opposed  to,  so  that 
its  minor  hypotheses  cannot  be  checked  by,  experiment. 

30.  It  is  as  the  new  fundamental  principle  of  a  Molecxilar 
Theory  of  Physics  that  i  venture  to  suggt::st  the  above  conception 
of  Atoms.  It  is  because,  however  convinced  of  the  soundness  of 
this  principle,  I  am  veiy  diffident  of  my  own  powers  of  applying 
%  that  I  have  gone  at  such  length  into  its  illuatration,  andf  the 
critieiBm  of  the  opposed  conception,  as  developed  by  Professor 
Challis.    For  should  the  mechanical  explanation  whicfa^  by 
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meaiifl  of  this  principle,  I  propose  to  give  of  physical  and  che- 
mical plu'iioiiieua  be  found  liable  to  serious  objection,  I  hope 
the  above  remarks  will  have  made  this  conception  of  Atouis 
sufficiently  clear  to  be  applied  with  greater  sucoeas  hj  o|hm* 

6  Stone  Buildings,  Lincoln's  Inn* 
April  11,  1861. 

[To  be 


LIV,  Chemical  Notices  from  Foreign  Journals* 
Bp  £,  Atkinson,  PhJ>.,  F.CB. 

tCkMilimiid  Dmn  p»  801.] 

SAWITSCH*  found  that,  under  certain  circumstances,  niono- 
bromiuatcd  ethylene,        Br  (bromide  of  vinyle),parted  with 
hydrobromic  acid  and  became  eonTerted  ihto  acetylene,  the 

SM  dlacovered  by  Sdmiind  Davy  and  investigated  by  Bertbelot  f* 
e  was  led  to  inveatigate  tbia  deportment  more  minutely,  and 
bavipff  tried  the  aetion  of  monobrominated  ethylene  on  amylate 
of  sodunm,  has  foond  in  it  a  mode  of  preparbg  this  gas. 

About  46  grammes  of  hrominated  ethylene  were  heated  in  a 
closed  vessel  with  amylate  of  sodium.  An  abundant  precipitate 
of  bromide  of  sodium  was  formed,  and  the  mass  became  liquid 
from  the  regenerated  amvlic  alcohol.  The  vessel  was  then  care- 
fully cooled  down  in  a  freeziug  mixture  and  opened,  when 
about  4  litres  of  a  gas  escaped,  which,  agitated  with  an  ammo- 
niacal  solution  of  chloride  of  copper,  gave  an  abundant  red  pre- 
cipitate. When  this  precipitate  was  treated  with  dilute  liydio- 
chloric  acid,  it  gave  ofl  abuiiL  a  litre  of  a  colourless  gas  \vith  a 
peculiat  odour,  and  which  burned  with  a  very  fuliginous  flame. 
The  analysis  or  this  gas.  and  its  oombination  with  copper,  left  no 
doubt  that  it  was  aoetylene. 
'   Its  formation  may  be  thus  expressed  s— 

^JJ"|9+g»H»Br=  G«H«+NaBrH-G*H'«a 
.    \t  "Lm  Monobrominafced  Accty-  Amvlic 
A^JjJ™^     atbylen*.        lene.  tleoboL 

This  reaetion  is  important,  as  it  will  probably  lead  to  the  for* 
matioii  of  a  new  series  of  hydroesrbons  of  the  general  formula 
€i  Ht»-t>  of  whidi  aeetylen^  €^  H*,  is  the  first  member,  ftom 
the  hydrosaibona  of  the  general  formula  K^,  In  last 
Sawitseh  has  subsequently  {  eiamined  the  aetion  of  monobnnBt- 


♦  BuIMtn  de  la  Soci^t^  Chimipu,  p.  7. 

t  Phil.  Ma^.  vol.  XX.  p.  1^(1. 

X  Canutes  Rendut,  March  4,  1861. 
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Mled  propylene  on  etkylefte  of  fodiiui,  end  has  obtained  a  eeeotod 

member  of  the  series,  aU^mt,  &  VL\  The  aetiOD  is  quite  aaa- 
logous  to  that  in  the  former  ease :  the  gas  is  peased  iftto  ao  am» 
mouiacal  solation  of  copper^  with  whieh  it  forms  a  voliuninoas 
flocculent  precipitate.  This  is  decomposed,  when  heated,  with 
the  formation  of  a  redc^isli  flame ;  with  eeiMieiLtrated acids  it  dis- 
engages a  gas  even  in  the  cold. 

Allylciic  la  best  obtained  from  tliia  precipitate  by  the  action 
of  dilute  aqueous  hydrochloric  acid,  from  which,  when  heat  is 
applied,  there  is  given  off  a  colourless  gas  of  a  strong  and  dis- 
agreeable udoitr,  bu.L  leas  so  than  that  of  acetylene.  It  burns 
^ith  a  fuliginous  flame^  and  precipitates  silver  and  mercury  salts^ 
^e  former  grey  and  tiie  latter  white.  These  eompounds  are 
analogous  to  the  eopper  oompomidj  aad^  like  it,  areyeiy  anstable* 
The  property  of  eomDiniii^  with  an  ammonutcal  oxide  of  coppev 
appears  to  bie  eharacterislic  of  this  group,  and  will  probably  lead 
to  the  discovery  of  tiie  higher  members. 

The  formation  of  allylene  may  be  thus  expressed : — 

H*  NaG + G»  H*  Br  aN»  Br + H* + G«  O, 
Ethylateof    Bromimttcd  AUykne.  Aloohol* 

soaium.  propylene. 

Miasnikoff^  in  some  experiments  with  monobrominated  rthjl- 
enei  has  also  noticed  a  mode  of  the  formatbn  of  aoetylenei  wbieb 
gives  a  dmple  and  ele|;ant  method  of  preparing  this  gas. 

When  the  vapours  of  emde  monobrominated  ethylene,  prepared 
m  the  ordinary  way,  are  passed  into  an  ammeniaeal  eotution  of 
nitrate  of  silver^  a  precipitate  forms,  whiehis  at  first  yellow,  bal 
which  quickly  becomes  converted  into  grey ;  at  the  same  time 
an  oil  collects  at  the  bottom  of  the  vessel,  which  is  brorainated 
ethylene,  and  which  can  easily  be  separated  by  heating  to  20^. 
Wiicn  this  bromide  further  acts  upon  a  fresh  portion  of  ammo- 
niacal  solution,  it  produces  no  change;  but  after  being  passed 
through  a  boiling  concentrated  solution  of  potash,  it  again 
acquires  the  pi\)pt  rty  of  fornitug  this  grey  pulverulent  dej^osit. 
J3y  arranging  tiie  apparatus  so  that  the  valours  of  bioaniiated 
ethylene  pass  more  than  once  through  solation  of  potash^  a  con- 
sidenble  quantity  of  the  pulyerulent  dq»osit  can  be  formed. 

llus  powder  oetonates  strongly  on  the  applicatioa  of  beat* 
peveiission«  or  frietion,  and  also  by  the  action  of  chlorine  or  of 
gaseous  hydrochlorie  acid.  Treated  with  dilute  hydrochloiie 
acid,  it  gives  a  gas  which  bums  with  a  fuliginous  flame,  and 
which  reproduces  the  pulverulent  precipitate.  The  analysis  and 
the  properties  of  this  gas  show  that  it  is  acetylene ;  and  the 
analysis  of  the  silver  compound  gives  for  it  the  formula 

G«HUg«. 
•  Bi(IMied^lsSooM^(MNfM»p.l2. 
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Vhmi^  lie  mode  of  its  prefparitiob,  monobromniated  ethylene 
in  piising  tlutmgli  strong  potashi  it  timply  reMlTedintoeoelyU 
cDe  end  DydfobMHliic  wnd, 

G«H»Br-HBr«G»H« 

Honobromiiiated  Acetylene, 
ethylene* 

By  t  aimilsr  series  of  actions,  M.  Morkownlkoflf  has  prepared 
irbat  appears  to  be  the  gai  alfykne,  described  by  Sawitsch. 

According  to  Heinz*,  the  best  method  of  preparing  glycolic 

acid  is  from  monochlorncctic  ncid,  which,  nncler  the  influence  of 
alkalies,  decomposcainto  an  alkaline  giycolate  and  into  an  alka- 
line chloridef. 

The  hydrate  of  glycolic  acid  may  readily  be  obtained  by  the 
following  method  : — To  the  solution  of  the  mixture  of  glycolate 
of  soda  and  chloride  of  sodium  obtained  in  the  above  reaction,  a 
sufficient  quantity  of  solution  of  sulphate  of  copper  is  added. 
The  glycolate  of  copper,  Ctt  Of,  which  forms,  is  a  diffi- 
enltly  solable  salt;  it  precipitates  as  a  cr^stallme  mass,  and 
is  rndily  obtained  pnre  by  washing.  This  salt  is  then  dif* 
fnaed  in  a  large  quantity  of  water,  the  mixture  raised  to  boiling, 
and  saturated  with  sulphuretted  hydrogen.  When  all  the  cop- 
per is  precipitated  it  is  filtered ;  and  as  the  filtrate  is  brownish, 
from  the  solution  of  a  small  quantity  of  sulphide  of  copper,  it  is 
evaporated  to  a  small  volnme,  while  a  slow  ^stream  of  sulphuretted 
hydrogen  is  passed  through,  and  when  now  filtered,  is  obtained 
quite  colourless. 

By  a  series  of  operations  analogous  to  those  by  which  an 

alcohol  of  the  ethyle  series  may  be  transformed  into  the  next 
higher  add,  Cannizaro  t  has  obtained  from  anisic  alcohol  an  add 
homologous  with  anisic  acid. 

Anisic  alcohol,  G®H*°9*§,  appears  to  contain  the  group 

i\9Q^  which  plays  the  part  of  a  monoatomic  radical.  Wheu 
the  chloride  of  this  i:;i  <)up,  C®11^0,  CI,  was?  treated  with  cyanide 
of  ])Otassium,  chloride  oi  potassium  was  formed,  mid  an  oil  which 
was  the  cyanide,  H^O  G  N.  This  oil  was  obtained  in  the  im- 
pure state,  and  was  treated  directly  with  potash  at  the  tempera- 
ture of  ebullition,  by  which  a  Idr^e  quantity  of  anuiionia  uas 
disengaged ;  and  on  the  subsequent  addition  of  hydrochloric  acid 
in  exeess,  sn  oil  deposited  which  solidified  to  a  crystallme  niase. 
This  consisted  of  the  new  acid  which  Cannixaro  names  AomoflERtntf 

♦  Poggendorflf's  Annalen,  January  1861. 
t  Phu.  Mag.  vol.  xvi.  p.  138. 
t  Cmm»te§  Rmdus,  vol.  li.  p.  606. 
I  FbiL  Mag.  wot  xx.  p.  2M. 
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acid.  It  ctptaUiMt  in  nacreous  hmuNe*  its  fonrntion  maf  ba 
tllilS  expressed : — 

Cyanide  of  Han)o«nisate 
•nisyle.  of  potash. 

Rossi*  lias  applied  to  caminic  alcohol  the  same  series  of  trans- 

IbrmationSy  and  has  obtained  a  new  acid  homologous  with  caniinie 
Bcid.  He  prepared  the  chloride  of  cumyle,  €***H'*C1,  by  the 
action  of  hydrochlorie  acid  on  cuminic  alcohol,  and  treated  it 

with  cyanide  of  potassium,  by  which  means  he  obtained  the  cor- 
responding cyanide.  This  crude  cyanide  of  cnmyle  wa«?  boiled 
with  strong  caustic  potash  until  its  decomposition  was  complete ; 
and  to  the  mixture  was  then  added  hydrochloric  acid  in  excess, 
by  which  the  new  acid  was  precipitated.  On  recrystalhzation  it 
was  obtained  in  small  needles.  Its  formation  is  thus  expressed : 

Cyanide  of  Homocuaaioate 
eamyle.  of  poCsdi. 

Homocuminic  acid,  H^*0*,  can  be  distilled  without  decom- 
position. It  ia  dilBenltly  aolnUe  in  cold  water ;  but  its  solution 
reddens  litmns,  and  decomposes  the  earbonatea.  Ita  salta  are 
obtained  by  doable  decomposition:  most  of  them  erystallijEe 
wdL 

As  the  result  of  a  lengthened  invef^tip-atlon  on  filtration  of  the 
air  in  reference  to  fermentation,  putrt^faction,  and  crystalliaationi 
Schroderf  i"^  l^'d  to  the  following  conclusions: — 

1.  A  vegetable  or  animal  can  only  be  formed  from  Uving  yegb* 
table  or  animal  organisms.    Omne  vimm  ex  vivo. 

2.  There  is  a  series  of  phenomena  of  fermentation  and  putre- 
faction which  arise  solely  from  microscopic  germs  furnished  by 
the  atmosphere.  These  are  more  especially  the  formation  of 
mouldy  of  wine-yeasty  of  the  lactic  acid  ferment,  of  the  ferment 
which  produces  the  decomposition  of  urine.. 

3.  Vegetable  or  animal  substances^  boiled  and  closed  while 
hot  by  means  of  cotton,  remain  in  that  condition  quite  protected 
against  every  kind  of  fermentation,  putrefaction,  or  formation  of 
mould,  if  all  the  germs  in  them  capable  of  development  are  de- 
stroyed by  boiling  ;  for  the  germs  which  might  leach  them  from 
the  air  are  filtered  out  by  tbe  cotton. 

4.  The  germs  of  most  vegetable  or  animal  substances  are  com- 
pletely destroyed  by  simple  boiling.  A  boiling  for  a  short  tjoie 
at  100^  C.  issLso  sufficient  to  kill  all  germs  furnished  by  the  air* 

*  Compfes  Rendvs,  Mnrvh  4,  1861. 
t  lietn^s's  Annaien,  March  lB6i. 
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'*  6;  Bat  milk,  the  yellow  of  e^p,  and  meat  contain  germs  which 
are  not  completely  destroyed  by  n  short  boiling  nt  100^.  But 
boilinjj:  at  a  highei-  temperature  inider  a  pressure  of  two  atmo- 
spheres 111  the  digestor,  or  loiig-cootiuued  boiling  ftt  XUO^^  ia 
sufficient  to  kill  even  these  germs. 

6.  The  germs  of  milk,  yellow  of  e^'^,  and  of  meat,  even  when 
they  have  been  submitted  to  a  boiliug  at  100^,  uol  continued, 
however,  too  long;,  are  capable  of  developing  themselves 
niecific  putrefustion  fermcBt,  end  not  nntrequently,  at  least  in 
tne  yelk  of  egg,  in  the  form  of  long  but  inert  fibrils. 

7.  This  specific  putrefying  ferment  is  of  animal  nature.  It 
developes  and  increases  at  the  expense  of  all  albuminous  sub* 
stauccs.  It  is,  however^  incapable  of  increase  under  conditions 
which  are  all  that  are  necessary  to  vegetable  formations. 

8.  The  crystallization  of  supersaturated  solutions  is  com- 
menced or  mduccd  by  the  action  of  the  surface  of  solid  bodies. 

9.  The  induction  necessary  to  set  up  the  crystallization  of  the 
soluble  hydrates  from  a  supersaturated  solution,  is  less  than  that 
necessary  for  the  crystaUizatioQ  of  the  more  difficultly  soluble 
hydrates, 

10.  The  surface  of  a  crystal  of  the  same  nature  exercises  the 
strongest  inducing  action.  Next  to  that  comes  the  layer  of  air 
which  fbrms  on  the  surface  of  solid  bodi<is.  These  eoatings  are 
destroyed  by  heating,  continued  wetting,  or  by  cleaning,  and  are 
only  formed  slowly  again  in  filtered  air. 

11.  The  crystallization  of  the  more  soluble  hydrates  from 
supersaturated  solutions,  which  is  set  up  even  by  a  feeble  induc- 
tion, only  experiences  a  feeble  induction  on  the  surface  of  the 
crystal  of  the  same  kind,  and  hence  only  progresses  very  slowly^ 

12.  Supersaturated  solutions  closed  with  cotton  keep  for  a 
long  time  unchanged,  because  the  cotton  filters  all  the  solid 
particles  from  the  air  which  gains  access.  Agitation  has  no 
ac  Lioij  on  the  crystallization ;  it  only  induces  it  if  supersaturated 
Boliitions  are  in  contact  with  such  places  of  the  surface  as  are 
iitted  to  induce  the  ciystallization. 

By  oxidizing  cymole,  €'°  IP*,  with  dilute  nitric  acid,  Noad 
found  that  it  was  converted  into  toluylic  acid,  €PH®9*,  and 
tadic  acid;  from  cumolc,  W%  Abel  similarly  obtained  ben- 
2oic  acid,  €^  O^.  Hence  it  might  have  been  expected  that 
tolnole,  €^  H^,  by  analogon^;  treatment  would  yield  a  new  acid, 
O',  homologous  with  these. 

This  is,  however,  not  the  case,  as  experiments  by  Fittig  +  have 
shown.  When  toluole  is  oxidized  by  means  of  nitric  acid,  the 
process  is  diflferent.  There  in  no  iurmation  either  of  oxidieorof 
caibomc  acid.    A  colourl^s  acid  la  formed,  almost  msulubic  in 

*  Li«big*s  AtMokih  February  1861, 


Digilizcu  by  Google 


MM.  Bttlstein  and  SaMneka  on  Saiiifenine,  $^ 

cold  wateri  and  kit  slightly  so  in  hot*  It  crjildlUeft  hmA  thk 
lolution  in  very  mall  needles. 

This  body  seems  to  hftvo  the  eomposition  of  salicylic  acid^ 
G^H^O*,  without,  however,  being  identical  with  it;  for  it 
does  not  give  the  well-known  reaction  with  perchloride  of  iron, 
eharacteristio  of  salicylic  acid.  The  baryta  salt  has  the  formula 
€7  E""  Ba     and  the  silver  salt  Ag 

As  yet  the  glycols  of  the  fatty  acid  series  otily  are  known. 
Wicke  obtained  a  compound,      11'^  O'*,  which  has  the  compo- 

iition  of  an  acetate  of  baiio-glycol»  (0*11*0)*/^'  but  its  pio» 


pntiaa  differ  ftom  what  mi^t  beeipeeted  of  a  glycol  derivative, 
and  it  ia  ratlier  anakgona  to  the  eompounds  wMeh  Qenther  ob« 
tained  bv  heating  the  aldehydes  of  the  fatty  aeide  with  anhydrona 
aaida*  Beibtein  and  Seelheim  *  have  made  a  aeries  of  experiments 
to  prepare  the  glycol,  €^H^0',  of  the  aromatic  series  of  acids,  which 
stands  to  benzylic  alcohol,  O,  and  benzoic  acid,  0^ 
in  the  same  relation  as  ordinary  glycol,  11^  0^  does  to  alcohol, 
O,  and  acetic  acid,  0*.    By  the  action  of  sulphuric 

acid  on  benzylic  alcohol,  they  hoped  to  obtain  the  bibasic  radical 
in  a  manner  analogous  to  that  by  which  ethylene  is  obtained 
from  ordinary  alcohol.  But  the  result  of  the  above  action  was  a 
resinous  body,  which,  when  treated  with  bromine  in  the  expecta- 
tion of  obtaining  Br',  gave  off  hydrobromic  acid  and  un- 
derwent a  eompUte  deoompoeition. 

The  eoiiUKmtion  of  the  deaiied  bodv  weald  be  identieal  with 
that  of  aaligenhae,  which  in  many  pointa  reaemblee  a  blttUnnie 
alcohol.  An  attempt  was  made  to  prepare  from  it  the  biatoniie 
ehloride,  G^     01^  which  did  not  give  the  desired  result. 

By  the  action  of  pentachloride  of  phosphorus,  saligenine  waa 
resolved  into  saliretine,  G^  IFO,  and  water;  at  the  same  timea 
certain  quantity  of  a  chlorine  compound  was  formed  which 
seemed  to  contain  the  chloride  G^  01*^  bat  which  could  not 
be  separated  in  the  pure  state. 

Saligenine  was  heated  with  anhydrous  acetic  acid  in  the  ex- 
pectation of  forming  acetate  of  saligenine ;  but  instead  of  this^ 
saliretine  and  acetic  acid  were  formed  t— 

€'H«©«+S"Iq1g=G^H«0+2G«H4G« 

c  r  1^         Sehistiiie.  Asekicadd. 

Saligenme.  Aceno 

snhydride. 

When  sodium  waa  added  to  a  aolutbn  of  aaligenine  in  pure 
ether^  hydrogen  waa  evolved,  and  a  white  pulvemlent  precipitate 

•  Liebig's  4nnahih  iaauaiy  1861. 
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formed,  which  appeared  to  have  the  form^ila  G'*H*^N»0*. 
Iodide  of  ethyle  and  chloride  of  acetyle  act  on  this  body«  and 
form  resinous  bodies  which  could  not  be  purified. 

Saligenine  dissolves  in  baryta  water,  forming  a  crrataUine  com* 
pound,     H»  Ba     =        Ba  <    +  H-^  O. 

By  the  action  of  pentasulpliide  of  phosphorus,  saligeaine 
appears  to  become  converted  into  an  amorphous  variety. 

The  law  which  regulates  the  contractiuu  of  solutions  made  it 
probable  that  the  specific  gravity  of  liquid  ammonia  must  be  lest 
than  that  finmd  1^  Faraday ;  and  with  a  Tieir  of  teiting  this 
point,  Jolly 'I'  bat  made  a  redetermination  of  its  specific  ^fity. 

Tlie  liquid  ^  was  prepared  inthe  nanal  way,  by  heating' am* 
moniacal  ebloride  of  auver  in  a  bent  dosed  tube,  the  empty  end 
of  which  was  much  narrowed  in  one  part  and  was  provided  with  an 
arbitrary  graduation.  After  the  ammonia  had  hem  expelled  from 
the  am  moniacal  chloride,  and  had  been  condensed  in  the  cooled 
end  of  the  tube,  the  part  containing  the  liquefied  g^s  was  cooled 
down  to  a  temperature  of  — 80*^  iti  a  mixture  of  solid  cai'bonic 
acid  and  ether^  and  was  narked  oti^  which  at  this  temperature 
could  be  done  without  danger. 

The  tube  was  now  immersed  in  pounded  ice,  and  the  height  of 
the  liquid  read  off.  A  subsequent  wcighnig  gave  the  weight  of 
the  tube,  together  with  the  Lquid  gas  and  the  compressed  gas 
above  the  l^nid. 

Hie  tnbe  waa  now  eooled  down  to  «-24^  G.«  and  the  point 
aoftenedy  by  whieh,  aa  the  teniioii  of  the  gaa  at  thia  tempcratare 
does  not  exceed  two  atmospheres^  the  gaaewaped  without  danger 
or  lose  of  glass.  The  opened  tnbe  waa  next  transferred  from  the 
fteesing  mixture  into  pounded  ice,  npon  which  a  vident  ebnllition 
commenced,  after  which,  when  terminated,  and  there  was  no  more 
escape  of  NH^,  the  tube  was  closed  and  weighed^  by  which  the 
weight  of  the  vapour  at  0*^'  was  clLtcrraiucd. 

At  this  staprc  special  experiments  were  iii;il1c  to  ascertain  if  the 
ammoma  was  anhydrous  and  quite  free  from  air,  which  was  found 
to  he  the  case.  The  tube  waa  next  weighed  empty^  and  then 
calibrated. 

From  the  data  furnished  by  these  various  operations,  JoUy 
^mmd  the  specific  gravity  in  three  experhnenta  to  be 

06289,      0*6j^l,  0-6198, 

or  in  the  mean  0*6231,  which  is  one-sixth  less  than  the  number 

* 

*  Liebig's  Aimakn,  February  1861. 
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found  by  Faraday,  0*73,  and  agrees  with  a  determination  made 
by  A)ulreeff*,  who  obtained  the  number  0*6364. 

Jolly  also  determined  the  coefficient  of  absorption  of  liquid 
ammonia,  and  found  it  ta  be  for  1  degree  0*00155|  whi^  it 
about  half  as  much  at  tbal  of  afir, 

LV.  Ou  ihe  Duration  of  the  Spark  which  accompanies  the  di»» 
charge  of  an  Electrical  Conductor.  ByV,h.  Rijke,  Professor 
of  Naiwnd  PhUosophy  at  the  VnhenUy  of  Leydenf, 

1.  l^^THEN  a  Leydi  n  jar  is  discharged  in  the  ordinary  way, 
^  ▼  the  spHfk  produced  may  he  considered  as  mstanta- 
neous;  its  duration,  at  If  ast,  is  so  short  that  it  has  hitherto 
been  found  im])o-iSible  to  measure  it  ftven  approximately.  This, 
however,  is  no  longer  the  case  when  the  charge  has  to  traverse  a 
body  which  offers  any  eonsideraUe  resistance,  as,  Ibr  instaneej  a 
copper  wire  half  a  mile  long.  In  fact,  Mr.  Wheatstone  found  ( 
that  the  spark  obtained  through  a  eopper  wire  of  i^th  of  an  inch 
in  diameter^  and  of  the  length  above  mentioned^  lasted  for  about 
.  L — th  of  a  seoond. 

84.000  "^^^^^^ 

2*  This  result,  if  Mr.  l¥heatstone  had  published  it  hj  itself, 
would  probably  have  been  explained  simply  on  the  ground  that 
eieetricity  required  precisely  this  timei,  tis.  ^^^^qq th  of  a  second, 
to  traverse  the  length  of  wiie  in  question.  This  explanation 
would,  however,  have  been,  to  sav  the  least,  incomplete,  since  in 
the  same  series  of  experiments  Mr.  Wheatstone  proved  that  elec- 
tricity really  requires  _^-_^th  of  a  seoond  to  travel  that  di- 
stance ;  and  in  order  to  reconcile  these  results,  he  considered  it 
necessary  to  have  recourse  to  a  new  hypothesis,  and  to  8up])ose 
**  that  the  diameter  of  the  wire  was  not  sutficiently  great  to  allow 
the  charge  to  pass  through  it  except  in  a  successive  manner.'' 

3.  In  reflecting  on  this  question,  it  appeared  to  me  that  the 
results  obtained  by  the  above-named  illustrious  physicist  might 
be  easily  explained  on  known  grounds;  and  that  it  was  by  no 
means  neeessary  to  have  reeourae  to  a  hypothesis,  in  support  of 
which  it  would  be  difficult  to  cite  a  lingle  direct  observation. 

We  shall  see  that  it  is,  in  &ct,  easy  to  prove  d  pnari  the  fol- 
lowing proposition : — 

7^  time  required  by  electricity  to  traverse  a  given  coiukelor  ts 
much  leu  ikon  thai  required  to  dieeharge  thai  eonduetor, 

*  Liebi^**  Annalea,  vol.  ex.  p.  1. 
t  Commuxucated  by  the  Auttior. 
t  "OntOBMEsptiuuntstolfflstiiictfaeVcM 
diiistiiniof  EleetrieslIJ^t,''FhiLTkaiii.  1834. 
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Let  A  B  be  au  isolated  conductor  of  such  length  that  a  charge 
of  electricity  requires  a  perceptible  timcj  say      to  traverte  it« 
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Let  CD  be  another  conductor  much  shorter  than  the  fust,  and 
so  placed  that  the  OLtrcniities  C  aud  A  of  the  two  conductors  are 
at  the  distance  of  tereral  miltiniB.^  die  other  extiemity  D  of  the 
•eoond  conductor  being  in  commumcation  with  the  ground, 

Noir  lappoae  that  at  a  given  moment  a  certain  quantity  of 
electricity  De  comniunicated  to  the  extremity  B  of  the  conduetor 
A  B.  At  the  end  of  f  thia  eleetricity  will  nave  spread  oier  the 
whole  Bxuhxm  of  the  conductor.  At  the  sameinatant^  auppoaing 
the  tension  sufficient,  a  luminous  discharge  will  commence  be- 
tween A  and  C.  We  pay  will  commence,  admitting'thcrefore  that 
the  dischaiiie  will  occu[)y  a  certain  time.  In  fact,  in  order  that 
the  conductor  might  discharge  itself  instantaneously,  it  would  be 
necessary  that  all  the  electric  tluid  should  be  accunuilated  at  A. 
This,  however,  is  not  the  case;  since  at  the  moment  when  the 
discharge  commences,  the  whole  smfacc  of  the  conductor  is 
occupied,  though  unequally,  witii  clcctiicity.  Now  it  is  easy  to 
see  that  the  wctridty,  which  at  the  moment  we  are  considering 
ia  atill  at  B,  will  only  reach  the  other  extremity  I"  aitarwardi^j 
ipd  even  then  it  must  he  cavefully  noted  that  iU  the  electricity 
at  B  will  not  have  passed  to  A ;  only  part  will  have  done  ao^  and 
the  rest  will  have  remained  at  B,  of  whie|i  a  further  portion  will 
reach  A  21"  after  the  discharge  commences^  and  a  third  8^'  after 
the  same  epoeb>  and  so  on* 

The  above  reasoning  shows  that,  during  the  time  occupied  by 
the  discharge,  successive  portions  of  electricity  will  arrive  at  A 
from  B  at  equal  intervals  of  time;  and  it  is  clear  that  the  same 
will  be  the  caf=e  with  the  eicctncity  which  at  the  begmumg  of 
the  discharge  wuh  at  any  intcrMu  cliate  part  of  the  conductor, 
(jiily  that  the  iutervaU  ul  time  will  L>c  shorter  in  proportion  an 
the  part  considered  is  nearer  A.  It  is  therefore  evident  that 
there  will  he  a  eontimums  current  of  electricity  towards  this  ex- 
tremity, and  that  the  discharge  will  therefore  he  equally  em^ 
imuma*  The  passage  of  the  eleetricity  from  A  to  C  will  of 
course  cease  immediatdy  the  tension  at  A  deseenda  below  a  oa^ 
tain  limit ;  hut,  on  the  other  hand,  it  must  not  be  forgotten 

*  Tf,  ns  some  physicists  lH;lio\c  t!ic  rnpidity  of  the  projingation  of  elec- 
tricity (hmiiiishes  with  its  ileuaity*  Uieu  tiie  electricity  at  U  would  require 
mure  than  t"  to  arrive  at  A. 
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ihfit,  in  Older  to  •utmort  ihe  dueharge  already  wnunenotd^  ^ 
Moli  lew  eoBBideraUe  ieniion  is  required  than  ie  mceiHttj  to 
estobliih  it  in  the  flrtt  instance  (Bieaa,  Die  Mm  ier  lUibw^ 

MUrieiidt,  vol.  ii.  p.  636).  When  electricity  onoe  commeDM 
to  pass  in  the  disruptive  form  horn  A  to  an  expansion  is  pro* 
dttoed  in  the  intermediate  layers  of  air,  which  amply  suffices  to 
explain  the  facility  with  whicn  the  same  layers  of  ab*  allow,  them- 
selves to  be  traversed  by  electricity  of  much  lower  tension. 

4.  It  is  evident,  however,  that  this  expansion  will  depend  on 
the  quantity  of  electricity  which  in  a  given  time  passrs  from  A 
to  C.  Consequently  if  the  experiment  be  so  conducted  that,  all 
other  things  bein^  the  same,  a  less  quantity  of  the  electric  fluid 
passes  from  A  to  the  expansian  of  the  air  will  be  less,  and  the 
discharge  ought  to  ceaee  sooner.  But  if  the  discharge  ceases 
Booner,  it  will  follow  that  the  raftAwwill  be  greater.  Now  it  u 
eaty  to  Terify  thiartheoietieal  eondiiBioii. 


i;^  a  iiictallir  s]>hr'rr  of  0"3  1  iiR'trc  {lianirtcr.  I'll  is  sphere  is 
connected  by  meaiib  oi'  nietal  wires,  ouout  side  with  ii  sinus  clee- 
t I'oiiictrf  A  (Pogg.  Ann.  vol.  cvi.  p.  488>,  and  on  the  other  with 
ua  apparatim  C,  called  by  Riess  an  "  Kiit  laduuL:;sapparat  (Rie^s, 
Die  Lehre  di'r  RcibunaselekiricUdtf  p.  3G5),  and  which  consists 
of  a  moveaye  metal  rod  g  h,  turning  at  h  m  a  liofis9ntal  ^xis 
pfoiridai  i»ith  a  ratehet  and  clapper,  whlish  Mm  fo  fey 
piillinff  the  silk  cord  ab,  to  that  the  knob  a  can  alwaya  M 
brought  to  a  fixed  distance  from  the  metal  balf^ 

The  ball  /  and  the  moveable  rod  (/hm  both  supported  on  glass 
pillars,  the  former  ^beii^  imited  by  means  of  a  metal  wire  with 
one  branch  of  the  univeraal  excitator  D,  of  which  the  other 
branch  communicates  bv  similar  means  with  one  of  the  knobs 
of  the  spark-micrometer  E.  The  other  knob  of  the  spark-nu(  ro- 
nieter  is  m  connexion  with  the  ground*  Between  the  branches 
of  the  excitatur  D  the  substances  are  placed  whoae  action  on  the 
residue  we  wish  to  deti nuine. 

I  confined  myself  to  the  comparison  of  the  actions  of  brass 
wire  and  a  curd  ui  hemp  steeped  in  water.  Both  these  condue- 
toca  were  0*8  metre  long,  the  oiameter  <^  the  bram  wire  being  *09 
millim that  of  the  hempen  eord  2  millima*  In  each  expefimeot 
jkhe  aphere  B  received  the  same  eharge  meaaqied  by  the  eleetro- 
meter.  The  dapper  which  supported  the  rod  gh  was  the9 
polled  by  meana  of  the  ailk  eord  ah,  the  kw>b  g  deietiidei 
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towirds  the  ball  f,  estebliilii&ga  metalKe  oomnmnicatioii  between 
ABCB  and  and  at  tbe  sameintlant  a  spark  paiaed  between 
the  two  knobft  of  tbe  spark-mierometer.  Tne  amount  of  lesidue 
waa  then  detennuied  by  the  electrometer.  The  results  I  ob- 
tained are  collected  in  the  following  Table,  in  which  the  amonnt 
of  jresidne  is  represented  by  ft,  that  of  the  charge  by  L > 


DbtSBMUeWMB 

the  knoUjof  flw 

Name  of  the 
aubstance  placed 

\j<  t\y  >-r\\  till- 

braaclie*  ol  tlie 

B 

h 

O'eSwilUm. 

Hempen  cord. 

«ii6 

I  18 

0-117 

tf  w 

Bras*  wire. 

ft 

8  18 

0O73 

ft  tt 

Hempen  cord. 

t» 

4  49 

0-108 

1  miUim. 
It  r» 

H  tt 

Hempen  cord. 
Br4M  wire. 
UcB^fla  aofd* 

64  26 
tt 
n 

7  6 
3  56 
•  M 

0137 
0076 
0-1S4 

From  this  Table  it  is  obvious  that  the  residue  is  more  cou- 
aiderable  when  tlic  body  through  which  the  diaciiarge  takes  place 
ofi^ers  luoi'c  resistance. 

'  6.  It  is  possible  that  the  above  theory  may  not  at  first  meet 
wt^  nniYersal  assent.  I  tnut,  however,  that  those  physiejati 
who  hesitate  to  admit  it  will  find  their  donbtf  dispelled  on  eon* 
sideling  the  following  experiment A  B  C  B  is  a  hollow  cyUn* 
der  dosed  at  the  end  C  D  and  fitted  at  the  other  end  A  B  with  a 
sucker- valve  opening  outwards*  Near  the  end  C  D  there  is  a 
slide  GH  pierced  with  a  large  opening  at  1.  The  anterior  por- 


tion ABBP  of  the  tube  must  be  supposed  exhausted  of  air, 
while  in  the  remaining  part  E  F  C  D  the  air  is  in  a  state  of  great 
compression.  Now  suppose  tlic  siide  G  H  suddenly  depressed 
until  the  centre  of  the  opening  I  coincides  with  the  axis  ot  tlie 
^linder.  It  is  evident  that  the  air  enclosed  in  B  P  C  B  will  im- 
mediately begin  to  spread  thronghont  the  anterior  portion  of  the 
tube  until  it  reaches  AB,  where,  if  its  tension  be  snfficiently 
gieat,  it  will  commence  escaping  from  the  tube.  If  the  air  haa 
taken  f  to  arrive  at  AB^  it  will  of  course  Imgin  to  escape  after 
ihe  slide  has  been  depressed;  but  no  one  will  imagine  that  the 
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Mtp9  of  the  air  will  ceate  m  fm  In  ftct  it  would  millce  to 
Nipeftt,  nmMu  nmtandk,  tbe  fMsoning  iu  (3)  to  tee  tfaet  ibe 
esc^ie  iBiiet  neeemurily  last  move  then 

P.S.  In  my  note  oil  the  Inductive  Spark,  which  was  inserted  in 
the  December  Number  of  this  Journal,  the  expre^ion  point  of  light 
•honld  have  been  ttre&k  of  light. 


LVI.  Note  oii  the  Historical  Origin  of  ike  wuymmetfieal'  8ix» 
va  hied  Function  ofeix  Letters.  By  J.  J;  Sylvester,  Professor 
of  Mathematiee  at  the  Royal  MiUtary  Academy,  Wb^unekK 

THE  discovery  and  that  announcement  of  the  existence  of  the 
celebrated  function  of  six  letters  having  six  values,  and  not 
a3fiiimetrical  in  wtipeei  to  all  the  l«tten,  is  usually  assigned  to 
my  illustrious  friend  M.  Hermite,  to  whom  M.  Gauchy  expressly 
'  ascribes  it  in  a  memoir  inserted  in  the  Comptes  Sendut  of  tiie 
Institut  for  Beoember  8^  1845j  p.  1247,  and  again,  January  5, 
1846,  p.  30. 

M.  Canchy  adds  that  the  conversation  he  held  with  M.  Her- 
mite  on  this  subject  excited  in  himself  a  lively  desire  to  sound  to 

its  depths  the  question  of  permutations,  and  to  develope  the 
consequences  to  be  deduced  from  the  application  of  the  princi- 
ples relative  thereto,  which  he  had  himself  long  previously  laid 
down, 

I  was  not  at  that  date  in  the  habit  of  consulting  the  Comptes 
ReiiduSf  or  1  should  at  ouce  have  made  the  reclamation  of  priority 
which  I  now  do,  not  from  any  unworthy  motive  of  self-loTe  in  so 
small  a  matter,  but  out  of  regard  to  historic  truth.  It  is  a  year  or 
two  ainee  I  first  learnt  that  the  origin  of  this  innetton  was 
usually  referred  to  M.  Gauchy  or  M.  Hermite;  but  although 
aware  that  its  existence  was  known  to  myself  long  prierioua  to 
the  dates  quoted,  I  did  not  recollect  that  I  had  ever  communi- 
eated  it  to  the  world  through  the  medium  of  the  pieaa,  and  I 
therefore  kept  silence  on  the  subject. 

Turning  over,  a  few  days  ago,  for  another  purpose,  the  pages 
of  a  back  volume  of  this  Magazine,  my  eye  chanced  to  alight  on 
a  footnote  to  a  paper  of  ray  own  inserted  therein,  under  date  of 
April  18i4',  "  Oa  the  Principles  of  Combinatorial  Aggregation/' 
which  I  will  take  the  liberty  of  quoting  at  length,  as  it  pruvc:^ 
incontestably  the  priority  which  I  lay  claim  to. 

''llHien  the  modulus  is  four,  there  is  only  one  synthematic 
arrangement  possible,  and  there  is  no  indeterrainateness  of  an^ 
land;  from  this  we  can  infer,  h  priori,  the  redueibility  of  a  bi» 

*  Commumcated  by  the  Author. 
Phil.  Ma^.  S.  4.  Vol.  21.  No.  141.  May  1861.       2  B 
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qoftdntie  eqnatioii ;  for  using  cp,/,  F  to  denotv'nlioiiil  tjmM- 
trical  Ibrms  of  functum,  it  follows  tbat 

jY, —  J /— h  lis  itself  a  latbnal  symmetric  fanctioii 

*f[(l>a,  d,  <j>b,  c)  J 
Whence  it  follows  that  if  a,  b,  c,  d  be  the  roots  of  a  biquadratic 
equation, M>)  can  be  found  by  the  solution  of  a  cubic: 
for  instance^  x  (c+if)  can  be  tbus  determined,  whence 
immediately  the  sum  M  any  two  of  the  roots  comes  out  ixom  a 
quadratic  equation. 

"To  the  nioduliTs  there  are  fifteen  different  synthemes 
capable  of  being  constructed.  At  first  sight  it  might  be  sup- 
posed that  these  eonld  be  classed  in  natural  families  of  three  or 
of  five  each,  on  which  supposition  the  equation  of  the  sixth  degree 
could  be  depressed  ;  but  on  inquiry  ibis  hope  will  prove  to  be 
^tile,  not  but  w  hat  uutural  affinities  do  exist  between  the  totals ; 
bat  in  order  to  separate  tiiem  into  fiunilies,  each  will  have  to  be 
teken  twice  over;  or  in  other  wordsj,  the  fifteen  synthemes  to 
modulus  6  being  reduplicated,  subdivide  into  six  natural  femUies 
of  five  each.'' 

The  six  j^milics  above  refciTcd  to  (in  which  it  is  to  be  under^ 
Btood  that  p,q  and  q.p  ate  identical  in  effect)  are  the  following 

a.h  c  .d  e ./  n.c  d.e  f,d  a.d  e ./  b  ,c 

««c  b,e  d'f  a»d  c,f  e»b  «•#  d»b  /.c 

u»d  bn/  «•«  c,b  d^f  «•/  d.€  B%b 

m$e  b*d  «•/  a./  d%b  a,b  d./  e.c 

«•/  b^c  d*0  a*b  e»d  «•/  a»c  d^e  f.b 

a,e  f.b  c  .d  a.f   b.c  d,e  a»b  c.d  e  .f 

a.f  e,c  b.d  a.b   f,d  c  ,e  a.c  h,e  d'f 

a.b  e.d  f.c  a.c   f.e  b.d  a.d  b»f  c.e 

a.c  e,b  /»d  a,d  f,c  b.e  a.e  b»d  c ./ 

a,d  «./  a.e  f,b  e,d  a,/  b.e  d.e 

And  it  will  he-  oljserved  that  evci'v  two  families  have  one,  and 
only  one,  syntheme  in  coninion  between  them  ;  and  precist  ly  in 
the  siame  w  ay  as  in  the  note  above  quoted,  it  is  especially  shown 
that  the  one  single  natural  faunly 

a.b  c.d 
a.c  b.d 
a  ,d   b  ,c 

gives  rise  to  a  function  of  four  letters  with  only  one  value,  so 
the  six  functions  analogously  formed  with  these  six  families  ob- 
viously give  rise  to  six  functions,  which  cbange  into  one  another 
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wlien  any  mtcfchaDge  i»  effected  between  the  letters  which  enter 
into  them;  so  Uiat  any  we  of  tbeac  is  a  function  of  ak  kttefp 
having  only  six  values.  I  conceive  that^  after  this  reference^  no 
writer  on  the  subject  wi-^hing  to  specify  the  function  in  question 
would  hesitate  to  call  it  after  my  name. 

I  may  also  take  occasion  to  observe  that,  in  connexion  witli 
my  researches  in  combmatonal  aggregation,  long  before  the 
publication  of  my  unfinished  paper  in  the  Magazine,  I  had 
fallen  upon  the  qucbtion  of  forming  a  heptadic  aggregate  of 
triadic  syuthemes  comprising  all  the  duads  to  the  base  15, 
wfaieli  luia  sinee  beeojne  ao  wtll  known,  and  flnttered  ao  many  a 
gentle  boiom,  under  the  title  of  the  fifteen  school -girls'  probmi ; 
and  it  ia  not  improbable  that  the  Question,  under  ita  existing 
form,  may  have  originated  through  channels  which  can  no  longer 
be  traced  in  the  oral  communications  made  by  myself  to  my 
fcllow-undergraduateaat  the  University  of  Cambridge  long  years 
before  its  first  appearance,  which  I  believe  was  in  the  '  Lady'a 
Diary*  for  some  year  which  my  memory  is  unable  to  furnish. 

In  order  to  relies  c  this  notice  from  the  mere  personal  cha- 
racter which  it  may  thus  far  appear  to  bear,  I  will  state  another 
question  concerning  the  comoinatorial  aggregation  of  fifteen 
things  which  may  serve  as  a  pendant  to  the  famous  school-girl 
problem. 

The  number  of  triads  to  the  base  16  is  a6  X  M. 

Let  it  be  required  to  arrange  these  into  91  svnthemes,  in  other 
words,  to  set  out  the  walks  of  16  girls  for  91  days  (say  a  quarter 
of  the  year)  in  auch  a  manner  thai  the  same  three  shall  never 
come  together  more  than  once  in  the  quarter.  Of  the  various 
ways  in  which  it  is  probable  this  problem  may  be  solved,  the 
following  deserves  notice.  Let  16  lettera  be  arbitrarily  divided 
into  6  setSy  viz. 

d|  C|;    0,  ^S         H  h         ^4  ^4         ^6  ^6  ^S* 

The  sets  aa  they  stand  will  represent  one  of  the  91  arrangementa 
sought  for,  which  I  call  the  Iwsic  syntheme.  Theiemaiuing  90 
may  be  obtained  as  follows  in  10  batchea  of  9  eadi.  Write  down 
the  10  index  diatributiona  following 

12  3;  45  14  5;  23 

12  4;  35  2  3  4;  1  5 

1  2  6;  8  4  8  8  5;  1  4 

IS4»1%B  24  6;  18 

18  5;  24  84  5;  12 

Take  any  one  of  these  distributiou^,  as  for  instance  2  3  5  j  14, 
and  proceed  as  ioliows: — In  respect  of  2,  3,  5^  conjugate  the 

21i2 
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67ift       Prof.  Sylveater  on  the  Histortcai  Ongm  of  ^ 

Ajl  Cji 

thiee  Mti  %  ^  c^;  ind  in  mpeet  of  1, 4^  oonjngate  tlM  two 

05  6s  tffi 

iii  0|  ^1 

xemainmg  sets  ' 

.  °  «4  *4  C4 

From  the  ternary  ooujngition  form  the  nme  emngementty 


«2  ^5 

• 

<?g  ^6 

0%  fla  *6 

JL 

c,  ca  flj 

«l  «« 

«a 

^  <^  ^a 

«g  ^3  ^5 

fla  <Ij 

Og  *s  6« 

c« 

«a  ^3 

Cg    flfg  A5 

«8  ^  ^« 

h 

^  ^  <7a 

«i  ^  «s 

^  *5 

which  call 

Again,  from  the  binary  conjugation,  form  the  nine  anange* 
aenti^ 


*1 

C4  ' 

<I4  ^4  C, 

«l 

6l 

^  «l  C4 

«I 

^1 

C,  ^4  C4 

«l 

4I4  64  64 

«l 

K 

«4  ^1  C\ 

Hi 

f^i 

*r^4  <^4 

<^4 

«4  h  ^1 

«i 

*4 

^  «|  ^4 

«4 

«I  *4  <?4 

which  c&U 

M|  Ma  Ma      M4     M^      M,  M.  M^. 

Now  combine  the  L  with  the  M  system,  eaeh  L  with  tome 

M  in  any  order  whatever;  the  9  combinations  or  appositions 
thus  obtained  will  give  a  batch  of  9  synthemes ;  and  proceeding 
in  like  manner  with  each  of  the  10  distributions  of  the  indices 
1,  2/3, 4j  6,  we  shall  obtain  90  synthemes,  which  together  with 
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the  basic  syntheme  complete  the  system  required.  The  M  system 
eorreipondiDg  to  any  oittrilmtkm'irf  the  indiees  is  the  system 
which  contaiiie  tbe  sytithematie  arraAgement  of  the  bipartite*!' 
triada  whieh  can  be  conatitnted  out  of  dz  tbinga,  Mparated  in 
two  sets  or  parts,  and  ia  uniqae.   The  L  ayatem  ia  om  of  thote 
wbicli  rLpresents  the  aynthematic  arrangement  of  the  tiipartitet 
triads  of  nine  thin^  aeparated  into  three  sets  or  parte.   I  have 
set  ont  above  one  in  pmeolar  of  theae  for  the  aake  of  greater 
elearness ;  hut  any  otber  B3rstem  having  the  same  property  will 
serve  the  same  purpose,  and  a  careful  study  will  sen'e  to  show 
that  the  total  number  of  L^s  correspondmg  to  a  given  distribu- 
tion of  indices  will  be  (    )  t»    Consequently  tbe  total  number 
of  LM^s  that  we  can  form  for  a  given  distribution  will  be  (  ) 
xl. 2. 3. 4. 5. 6. 7. 8. 9;  and  the  number  of  distinct  syn- 
thematic  arrangements  satisfying  the  given  conditions  corre- 
sponding to  any  assumed  basic  syntheme  will  be  this  number 
raited  to  the  tenth  power ;  and  as  this  vastly  exceeda  the  total 
nnmber  of  permntationa  of  fifteen  things,  we  see,  without  even 
taking  into  conuderation  the  divenity  that  may  be  produced  by 
a  ehange  of  the  baBe,  that  thia  method  mnat  give  rise  to  many 
diatiuet  types  of  solution  (arrangements  being  defined  to  belong 
to  the  same  or  different  types,  according  aa  they  admit  or  not 
of  being  deduced  from  each  other  by  a  permutation  effected 
among  uieir  monadic  elements).    The  common  character  of  all 
these  allotypical  aggregations,  and  which  serves  to  constitute  them  ' 
into  a  natural  order  or  family,  consists  in  their  being  derived  from 
a  baiic  formed  out  of  five  sets,  such  that  the  monopartite  triads 
corresponding  to  the  base  form  one  syntheme,  and  the  other  90 
synthemes  each  coutam  a  conjugation  of  the  tripartite  triads 
belonging  to  tlirec  out  of  tbe  five  sets  of  the  base  with  the  bipar- 
tite triads  beloiigmg  to  tbe  other  two  sets  thereof.    There  is, 
moreover,  no  reason  to  suppose,  or  at  all  eventa  no  aafe  gnmod 
for  alBrmiug,  that  thia  family  exhauata  the  whole  possible  num. 
bar  of  typea  to  which  the  arrangemeuta  latisfying  the  proposed 
condition  admit  of  being  reduced.   A  further  queation  which  I 
have  somewhere  raised,  and  which  brings  the  two  problems  of 
the  school-girls  into  rtgipari,  is  the  following To  divide  the 
system  of  91  synthemea  satisfying  the  conditions  above  stated 
into  thirteen  mmor  systems,  each  of  which  satisfies  the  conditions 
of  the  old  problem,  i.     of  containing  all  tbe  duads  that  can  be 
made  nut  of  tbe  fifteen  elements  once  and  once  only or  to  put 
the  question  in  a  more  exact  form,  to  exhibit  thirteen  systems^ 

*  See  note  at  nid  of  paper. 

t  Someday  or  another  a  newcombiDatorial  calculu5|mu!it  come  into  being 
to  fur^A  ffoieral  sokitioiis  to  Aa  iafhiite  vanety  of  questions  of  MeUtA^- 
rmsness  to  whkh  the  thmiy  of  oombiuloiiBl  sggKgstMWy  «liateoiDpoiiiid 
pcnaatstioBib  gireaase* 
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each  satisfying  this  last  condition,  which  shall  together  inda^ 
between  them  all  the  triads  that  can  be  made  out  o€  the  ftfteeo 
elemeiiti. 

The  Mtdir  would  heve  xeeson  to  he  dieetitiified  with  the 
inthor'e  ntieeiioe,  wen  he  to  lem  altogelher  wuiieDtioiied  the 
mthem^  eggiegetum  of  the  Unomud  triads  app^taining  to 
the  tame  three  tnliteral  sets  or  mtimef ;  but  apaee  forbids  my  doing 
more  at  pfese&t  than  giving  one  el  these  aggregates,  and  indiea* 
tfaig  the  nnmber  and  mode  of  generation  of  all  from  this  one: 
It  will  readily  be  seen  that  any  mv\\  aggregate  will  be  maclr  up 
of  two  Bub-a«2;g^rcg:atcs,  which  i  shall  call  A  and  B  respectively, 
of  which  one  bears*  the  same  relation  to  the  disposition  of  the 
nonics  in  the  order  128  456  789,  as  the  other  to  their  disposi- 
tion in  the  order  123  789  456.  Thus  wc  may  take  for  our  A 
and  B  the  following,  wliieh  will  each  contain  9  synthemes,  the 
total  number  ol  synthemts  lu  the  two  togcilici  bemg  IB* :— 


124 

(A.) 
567 

898 

127 

(B.) 
894 

768 

125 

468 

739 

128 

795 

436 

196 

469 

788 

129 

786 

488 

184 

568 

279 

137 

895 

246 

186 

469 

278 

138 

796 

245 

186 

457 

289 

189 

784 

256 

884 

569 

187 

287 

896 

154 

285 

467 

189 

288 

794 

166 

23G 

458 

2au 

785 

140 

The  system  of  tnada  contained  in  A  may  be  arranged  in 

twelve  different  aggregates  similar  to  the  one  given,  and  the 
same  will  be  true  for  the  triads  in  the  B  ;  so  that  the  total  num- 
ber of  the  combined  systems  will  })e  144.  All  the  peniiutatious 
whirh  leave  A  or  B  (separately  cuiisldcred)  unaltered  will  form 
a  natural  trroup, — the  theory  of  fri  oups  in  this^  as  in  every  other 
case,  stand liig  in  the  closest  relation  to  the  doctrine  of  conibina- 
turiul  aggregation,  or  what  for  shortness  may  be  termed  syntax. 
I  have  elsewhere  given  the  general  name  of  Tactic  to  the  third 
pure  mathematical  ecienee,  of  which  order  is  the  proper  sphere^ 

*  Thus,  liaoe  there  ia  erideatly  one  laonomwnial  qrntbeme,  the  total 

number  of  lynthemea  of  all  time  kinds  will  be  l+l8+9=28s^-,  as 

9.8.7  9 

it  thoBH  be,  the  total  number  of  triads  bemg  ^  ^  >  *^^3  ^f  ^^^^  goiug 
to  a  s^atheme. 
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at  is  number  and  ipaoe  of  the  other  two.  Syntax  and  Orcmps 
are  each  of  them  only  special  branches  of  Tactic.    I  shall  on  an* 

other  occasion  give  reasons  to  show  that  the  doctrine  of  groups 
may  be  treated  as  the  arithmetic  of  ordinal  numbers.  With 
respect  to  the  twelve  varieties  of  the  A  or  B  aggregates,  they 
may  be  obtained  from  the  one  given  by  combining  the  substitu- 
tions corresponding  to  the  six  permutations  of  the  three  consti- 
tuents of  one  nome,  as  7,  8,  9,  wth  the  permutation  of  any  two 
constituents  of  another,  as  5,  6.  But  I  have  said  enougn  for 
my  present  purpose,  which  is  to  point  out  the  boundless  un- 
trodden  regiona  of  tbonght  in  the  sphere  of  order,  aai  eifieeianir  . 
in  the  dmrtment  of  ^yimr^which  remain  to  be  enMresaedjinapped 
oiitj  aod  Drought  under  coltivation.  The  difflenlty  indeed  is  not ' 
to  find  material,  of  which  there  ia  a  snperabondance,  but  to  die;* 
cover  tlie  proper  and  principal  eantfaa  of  speeolation  that  may 
serve  to  reduce  the  theory  into  a  manageable  compass. 

I  put  on  record  fas  a  Cfhristmas  offering  on  the  altar  of  science) 
for  tne  benefit  of  tnose  studying  the  theory  of  groups,  or  com- 
pound permutations  (to  which  the  prize  shortly  to  be  adjudicated 
by  the  Institute  of  France  for  the  most  important  addition  to  the 
subject  may  tend  to  give  a  new  impulse),  and  with  an  eye  to  the 
geometrical  and  algebraical  verities  with  which,  as  a  constant  of 
reason,  we  may  confidently  anticipate  it  is  pregnant,  an  exhaust- 
ive table  of  the  monosynthematic  aggregates  of  the  trinomial 
triads  that  are  contained  in  a  system  of  three  triliteral  nomes. 
Let  these  latter  be  called  respectively  123;  45  6;  tbm 
we  have  the  annexed : — 


Table  of  Synthemes  of  Trinomial  Triads  to  Base  3 . 3. 


(I.) 

(«.) 

(».) 

1  1 

U7  25B  369 

148  S59  887 

149  257  368 
167  868  349 

158  989  847 

159  267  318 

167  948  359 

168  949  357 
188  947  888 

147  258  368 

148  989  887 

149  257  868 

157  968  349 

158  989  847 

159  267  348 

167  249  358 

168  947  350 
.189  948  367 

147  258  369 

148  959  367 

149  257  368 
167  969  348 
188  987  849 
159  268  347 

167  248  359 

168  949  357 

169  947  858 

147  258  369 

148  959  887 

149  267  358 
157  968  349 
188  289  847 
159  247  368 

167  248  859 

168  949  357 
168  987  948 

(5.) 

(7.) 

147  958  369 

148  267  359 

149  268  357 

157  24l>  .368 

158  269  347 

159  248  367 

167  359  348 

168  987  949 

160  947  888 

147  988  989 

148  267  359 

149  257  368 

157  268  349 

158  269  347 

159  248  367 

167  259  348 

168  948  887 
189  947  968 

147  988  889 

148  269  357 

149  257  308 

157  268  349 

158  249  367 

159  267  348 
167  248  359 
188  989  947 
169  947  858 

147  9S8  889 

148  269  357 

149  267  358 

157  268  349 

158  249  367 

159  247  368 

167  248  359 

168  959  847 
189  987  848 
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The  discussion  of  the  properties  of  this  Tabic,  and  the  classi- 
fication of  the  eight  aggregates  into  natural  familica^  mnat  be 
reserved  for  a  future  occasion. 

N6u.^K  triad  it  ealkd  tripartite  if  its  three  ekmenta  are 
called  oat  of  three  different  parts  or  sets  between  which  the 
total  number  of  elements  is  supposed  to  be  divided;  bipartite 
if  the  elements  are  taken  out  of  two  distinct  sets ;  onipartite  if 
they  all  lie  in  the  same  set.  The  more  ordinary  method  for 
the  reduction  of  synthematic  arrangements  from  a  given  base 
to  a  linear  one  which  I  employ,  consists  in  the  separate  synthe- 
matization  inter  se  of  all  the  combinations  of  the  same  kind  as 
regards  the  number  of  parts  from  which  they  are  respectively 

dimwn*  Thosy  ex,  gr.,  if  the  diatrihotioii  of  ^  30x29x^S 

29  X  28  . 
triads  to  the  base  30  into  — ^ —  synthemes  be  required^  this 

may  be  effected  by  dividing  the  80  elements  in  an  arbitraiy 
manner  into  16  psrtSy  eadi  part  containing  2  elements.  These 
1:6  parte  bein^now  themselves  treated  as  elements,  are  first  to  be 
conjn^ted  as  in  the  old  15-school-girl  problem,  and  each  of  these 

7  conjugations  can  be  made  to  furnish  6  synthemes  containing 
exclusively  bipartite  triads.  The  same  15  parts  are  then  to  be 
conjugated  as  in  the  new  school-girl  problem,  and  the  91  conju- 
gations thus  obtained  will  each  furnish  4  synthemes,  containmg 
exclusively  the  tripartite  triads.  These  bipartite  and  tripartite 
synthemes  will  exhaust  the  entire  number  of  triads  of  both 
kmds^  and  accordingly  we  shall  find 

7x6  +  91x4=406 

29x28 

A  syntheme,  I  need  scarcely  add,  is  an  aggregate  of  combina- 
tions containing  between  them  all  the  monadic  elements  of  a 
given  system,  each  appearing  once  only.  In  the  more  general 
theory  of  aggregation,  such  an  aggregate  would  be  distinguished 
by  the  name  of  a  munosyutheme.  A  diaynthcuie  would  then 
signify  an  aggregate  of  combinations  containing  between  them 
the  doadic  elements,  each  appearing  once  onlyi  and  so  for^. 
Thus  the  old  15-8chool-girl  question  in  my  nomendatare  woold 
be  enunciated  under  the  form  of  a  problem  ''to  oonstroct  a  triadic 
disyntheme,  separable  into  monosynthemes  to  the  base  15 ; the 
new  school  question,  aa  a  problem  ''to  divide  the  whole  of  the 
triads  to  base  15  into  monosynthemes ; the  question  which 
connects  the  two,  as  a  problem  "to  exhibit  the  whole  of  the  triads 
to  base  15  under  the  form  of  13  disynthemeSj  each  separated 
into  7  monosyiithemes. 
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A  question  of  a  more  general  kind,  and  embraciog  this  Ittf^ 
would  be  the  problem  of  dhfidiog  the  whole  of  the  same  tyttem 
of  triads  into  13  disynthemes,  without  annexing  the  further  con- 
dition of  monosynthematic  dnriability.  So  there  is  the  simpler 
question  of  constructing  a  single  dis^ntheme  to  the  base  15 
without  any  conditioii  annexed  as  to  ita  decomposability  into  7- 
synthemes. 

K,  Woolwich  CommoQ, 
Det^mber  1860. 


LVIL  0»  iJk  Gabmnic  Polarization  of  buried  MM  PkU9* 

By  Dr.  Ph.  Cabll*. 

LAST  year,  in  conseqaenoB  of  the  disturbanees  wbieh  were 
observed  in  the  telegraphic  wires  during  the  appearance 
of  the  northern  lights,  Professor  Lament  was  induced  to  oontrive 
an  apparatus  at  the  observatory  of  Munich  in  order  to  examine 

more  closely  into  the  occasional  motion  of  the  earth's  electricity^ 
and  to  determine  its  magnitude  and  direction.  For  this  purpose 
large  zinc  plates  were  buried  on  the  north,  south,  east^  and  west 
sides  of  the  observatory  garden ;  the  north  plate  bemg  connected 
with  the  south,  and  the  east  with  the  west,  by  means  of  copper 
wires,  which  were  brought  into  the  observatory  and  conaected 
with  gulvaiiometers.  As  Professor  Lamont,  iii  testing  this  appa- 
ratus, remarked  certain  phenomena  which  he  attributed  to  gal- 
vanic polarization^  it  appeared  to  me  advisable  to  subject  the 
matter  to  a  more  caiefu  eiamination»  and  to  obtain  mm  acen- 
nte  measurements. 

Throng^  the  wire  that  connects  two  of  the  above-mentioned 
sine  plateSj  a  cnrrent,  which  I  shall  call  the  terrestrial  current, 
is  pernetualljT  eireulating,  the  intensity  of  which  is  indicated  by 
a  fixea  deviation  of  the  galvanometer.  If  a  galvanic  element  be 
inserted  in  these  conducting  wires  and  again  removed,  then,  pro- 
vided it  has  eansed  no  modification  in  the  conductor,  the  needle 
of  the  galvanometer  will  return  to  its  former  position.  But  if, 
on  the  other  hand,  a  state  of  galvanic  polarization  has  been  pro- 
duced in  the  zinc  plates,  then  the  deviation  of  the  needle  of  the 
galvanometer,  after  the  removal  of  the  clement,  will  be  grreater 
or  less  than  that  exhibited  by  it  originally,  accordingly  as  the 
direction  of  the  galvanic  current  has  been  opposite  to,  or  the 
same  as  that  of  the  terrestrial  ennent. 

On  trial,  the  latter  i«snlt  exhibited  itself  so  nnmistaluably  that 
nolurdier  donbt  coold  be  entertained  of  the  oecnrrenoe  of  galvanic 
polarisation.  In  order  to  measure  the  magnitade  of  the  efl^ 
prodncedi  I  made  use  of  a  weak  BanielPs  cell^  which  I  inserted 

*  Ihndated  I17  F*  Outltris  from  PoggeododPs  ^asalMir  Ho^  10,  IMO. 


• 


Digitized  by  Google 


378     On  the  Galvanic  PoiaruiiUum  of  if  wied  Metal  Platei* 

{at  five  mimites  in  the  wire  conductor,  and  I  thereby  obtained 
the  numben  exhibited  in  the  foUowing  Table ;  in  which  6  indi- 
cates the  effect  of  the  galvanic  current,  fl  that  of  the  terrestrial 
current,  and  F  that  oi  the  polarization  expressed  in  divinona  of 

the  galvanometer.  The  effect  of  the  polarization  was  observed 
1  minute  30  seconds  after  the  removal  of  the  ceil. 

I.  When  the  two  currents  passed  in  the  same  direction. 


0+E. 

P. 

6+1* 

189-8 

0-026 

1293 

34 

0(>26 

1230 

2-0 

0021 

108-2 

a-4 

n.  When  the  eumnt  passed  in  opposite  direcltions. 


"  1 

P. 

G-E"  ! 

1^-5 

<HM8 

lf>27 

51 

ontl 

1U7-4 

38 

0035 

109-2 

3*5 

0031 

From  these  experimentsi  it  foUows  that  the  mean  value  of 

is  0-0287,  that  of         0  0375 ;  go  that  when  the  gal- 

vanifl  and  tenestrial  ennenta  pass  in  opposite  difeetions^  the 
polarisatbn  of  the  bnried  metal  plates  is  greater  than  when  they 
pass  in  the  same  direction. 

Immediately  on  the  removal  of  the  cell,  the  effect  of  the  (gd* 
▼anic  polarisation  was  greater  by  two  or  three  divisions  of  the 
galvanometer  scale  than  it  was  after  the  lapse  of  1  minute  90 
seconds;  and  after  that  period  the  effect  still  continued  gra* 
dually  to  diniinish.  In  order  to  exhibit  the  law  of  this  dimina* 
tion  I  subjoin  the  following  Table : — 


■ 

Time  after  th«  r«moTal  DcrUUoo  of  the 

1  if  ihc  I  rn.           '    vanorni'tcT  r.rinllc;, 

1 

ll 

niaata. 

83-0  (Biites. 

9 

ft 

21-8 

Iff 

8 

(I 

211 

tt 

4 

8W 

n 

ft 

It 

20^3 

n 

6 

n 

200 

n 

7 

n 

199 

f$ 

8 

n 

ft 

9 

n 

19-5 

M 

10 

It 

lU-4 

tt 
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At  the  commcTict  in  rut  of  the  experiment,  the  deviation  of  the 
galvanometer  caused  thu  terrestrial  current  was  read  off  at 
19'2  divisions. 

The  abo?e  experiments  ditdose  Botliing  at  ifvruniee  with  the 
known  kwt  of  galvanism.:  I^ut  it  nevertheless,  appeared  to  me 
advisable  to  make  tiiem  knowfi,  as  they  afibrd  a  simple  expk^ 
nation  of  eertain  phenomena  whioh  Professor  Thomson  has  de« 
scrifaed^j  and  wmeli  he  seems  to  attiibate  to  entirely  different 


LVUL  On  JhaueendeHial  and  A1g$trtde  Soh^on,  By  Jambb 
Cocra,  JM.,  FJt^JS.,  F.C.P,8.,  BarrUter-aULm,  of  th$. 
MiddU  T^a^i^. 

LST  /r=0  be  an  algebraic  equation  of  the  n\k  degree^  all 
the  coefficients  of  which  are  f  onctions  of  one  parameter  a* 
we  obtain  a  result  of  the  form 

Butj  since  F  and  f  arc  rational  functions^ 
dx 

 F#.F«i.F*s-.F#»"^' 

where  B  is  a  rational  and  integral  fnnetion  of  «•  And 

Rr=A,a^-»+A2a*-«+  ..+A», 
where  A  is  a  function  of  a.  Moreover 

Hence,  repeating  this  process,  we  are  OQndocted  to  the  system 

^=B*=»Ai«»-»+A^-«+ . .  +  A,, 

^«B»r-B,,«^i+B^-»+ +B., 


da^ 

« 


and  if  we  assign  n— 2  indeterminates  X,     • .  v  so  as  to  satisfy 

*  Reportof  the  Twenty-ninth  Meeting  of  the  Brltisb  Ass^oolatioil  for  the* 
Advancement  of  Science  (Transactions  m  tiie  Sectioiis)^  p*  26* 
t  Ck>mmumc«t<Hi  by  Autbinr* 
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the  »— IK  eondilioiit 

XAj+/iB,+  ..+vCi+G,=0, 

«  • 

we  Bhall  arrive  at  a  linear  diifereatial  equation^ 

For,  when  the  above  conditions  are  satisfied,  . .  a:*, 

all  the  powers  of  x  in  short,  save  x  itself,  disappear;  and 
Vj. ,  p.,  \  L,  M  are  each  of  theoi  kDowu  functions  of  a,  masniuch 
as  A,  B, . .  C,  G  are  known  functions  of  a. 

Tfana  the  roote  of  any  equation  wlteieof  tiio  ooeffieifliiU  an 
ftnetimw  of  only  one  jpaninieter  nay  be  eiqpreaaed  in  tetma  of 
■IgdMiWy  dienkfj  or  loganthmic  fnnetions,  and  of  integrala  of 
alMbnic  functions.  These  intends  depend  upon  the  Quantity  M* 

To  a  form  involving  only  one  parameter^  Mr.  Jerrara  has  smtwn 
that  the  general  quintic  may  be  reduced*  Its  resolvent  aextic 
W9J  also  he  reduced  to  the  same  form. 

Mr.  Jerrard's  ynemorable  discoveries  also  show  that  the  general 
aextic  may  be  regarded  as  involvirii^  two  parameters  only.  The 
general  sextic  leads  ua  to  the  consideration  of  the  equation 

hfiss^Hx  .U+f»  .U^Q, 

vrhevB  m  and  h  are  the  independent  pai»meta*s,  of  which  the  oo* 
efficients  may  be  considered  as  fiinctiona^  and  h  is  the  chancter* 
iitie  of  the  Calculus  of  Variations. 

If,  in  art.  62  of  mv  Observations,''  &c  (voL  xviii  p.  d42)|  we 
take  the  suffixes  of  6  to  the  modulus  6»  the  equations  become 

And  this  system  has  a  certain  rebtion  to  the  formula 

which,  taking  the  suffixes  to  the  modulus  6,  is,  for  all  integral 
values  of  a,  equal  either  to  7|  or  to  74.  But  all  the  values  of  7 
are  not  tbenee  evolved;  and  in  order  to  obtain  a  convenient  repr^ 
sentation  of  the  system,  I  avail  myself  of  certain  i^ydical  forma 
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wUeh  may  be  pnm  to  it  when  one  of  the  mis  it  nippoied  to 
become  fixed. 

The  form  here  used  will  admit  of  an  exceedingly  mmple  repre* 
ientation  if,  throngbout  my  "Observations/*  we  replace  ^3  by 
$^  and  viee  vmA,  This  fequircs  that  in  art.  48  (vol.  zviii.  p.  52) 
we  write 

a  ebange  of  definition  which  I  diall  aocordingly  suppose  to  be 
made. 

FvrtheTj  I  shall  suppose  that  we  replace  $^  by  Bf,  where  t  is 
an  imsginaiy  sofflz  dcifiiied  by  the  congruence 

t+a^i  (mod.  5), 
«  being  an  integer.   Or,  if  we  agree  to  regard  the  infinite  soffii 
00  aa  satisfying  the  eongmence 

o»+asoo(mod,  5), 
we  mav  replace  6^  by     •   Lastly,  I  shall  suppose  the  snfizeS| 
after  these  ebangea,  to  be  taken  to  the  modulus  5. 

l%e  chanees  being  made,  it  wiU  be  found  that  all  the  fane* 
tions  y  are  osdueibie  firom  the  eqwession 

by  writing,  successively,  0, 1,  2,  3, 4  for  a.   In  fact  we  have 

ft^o+ ^1^4+  ^A-y%-r{x^> 

ft^3+ft^t  +  ^A=7s=r(ara), 

and  if,  in  these  equations,  we  change 

ftr    ftr   ysi  *o 

into 

ft>    ^df    ft*    ft>  76t 

teapectively,  we  shall  be  reconducted  to  the  system  of  art.  62  of 

my  ''Observations/'  More  extensive  changes  in  our  funda- 
mental formula  and  definitions  would  enable  us  to  express  the 
system  with  a  "jeatcr  coucinnity  bc*'\vccn  the  suffixes  of  0  and 
those  of  X,  and  provided  that,  on  the  right  of  the  last  system, 
^ve  interchange  Xq  and  the  system  may  be  deduced  £rom  the 
equation 

BA  4-  ^«+i^.+4+ A+3=7«=''W- 
If,  in  the  expression 

ft  ft + ft+lft-fl + ft+tft+4* 

we  make  a  eqnal  to  0, 1,    8j  4  sa€eeanvely>  wefindthelUfay** 
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lag  idtttkme  between  it  tnd  tbe  m  ud  /9  ftnetipiM  of  ert.  70«f 
my   Obaervatione^'  (vol.  xviii.  p.  608)^  vis. : — 

$i  6 1  +  + 0^00=0  If 
010^+0^0^-^- 6 ^0^^P^ 

0i  0$  +  ^4^1  +  ^0^2  *«> 

and  in  like  manner  from* 

we  dedace 

^.^,  +  ^A  +  ^4^0=«l» 

^i^g + ^a^4 + ^0^1  =■  A» 
fli^o+ A# 

A  contemplation  of  these  systems  of  equations  seems  to  lead 
to  the  coQcIusiou  that  a  certain  equation  of  the  fifteenth  degree^ 
which  Mr.  Jerrard  supposes  to  be  capable  of  decompositioii  into 
five  eithiea,  ia  not  imdncible,  but  composed  of  a  quinii^  and  » 
10-ic  iactor. 

I  cannot  think  that  Abd's  conclusion  is  at  all  ahalcen  by  the 
raeaxehea  of  Mr.  Jerrard.  Of  hia  cardinal'  proposition^  the 
equation 

of  art.  106  of  his  'Essay/  Mr.  Jerrard  givea  no  proof.  Direc- 
tions to  compare  (ab)  and  (ac)  are  insufficient  instructionB  tat 
attaining  a  result  fraught  with  difficulties  so  seriousl  Vbr  rea- 
aons  alreadv  assigned,  1  believe  the  proposition  to  be  erroneous, 
and  incapable  of  proof.  And  with  it  the  whole  argument  of  Mr. 
Jmard&lls. 

I  lieed  not  the  warning  from  my  own  oversight  to  tetrain  me 

from  dwelling  unciulv  upon  what  f  believe  to  be  an  error  of  Mr. 
Jenrard's.  But,  with  every  recognition  of  his  great  eiaims  to 

*  Mr.  Sarley  has  cotnpletelj  determined  these  et  and  ^  functions ;  and  I 
regret  that  he  hn^  not  as  ytt  published  the  whole  of  lii'?  invrstirratioTT^  on 
quintics.  Tbe  |ii  o]^osition  of  Mr.  Jenard,  which  Mr.  Jerrard  supposes  that 
SDr.  Harley  hat>  iguoreJ,  is,  when  considered  in  reference  to  processes  which 
do  not  iavolve  transformation  to  a  soluble  form,  rather  an  axiom  than  a 
theorcTTi.  It  aiay  be  stated  thus  I  If  e  be  equal  to  6',  it  it  not  in  gmtsi 
equal  to  b". 

I  would  here  add  the  expression  of  a  hope  that  Mr.  Harley,  to  wlioui  I 
have  oommimicated  the  above  resolls  on  the  theoiy  of  transcendental  root^ 
sosn  pikUish  seme  dsfdopaMots  oltfaeu  to  whick  he  has  ben  M 
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'  tlie  gratitude  of  mathematidans,  it  ia  acaiody  poiaible  to  ignore 
the  fact  that  Mr.  Jerrard's  hope  (expressed  at  the  oonclusion  of 
hiB  paper  of  1845)^  to  discuss  the  resolutioii  of  the  trinomial 
equation  ^-{-A^x-^-A^^iOf  has  not  hem  realised^  and  that  little 
or  no  approach  has  yet  been  made  towards  its  realization,  Mr« 
Jcrrard  s  subsequent  researches  on  quintics  seem  to  me,  for  rea- 
sons nirrady  adduced,  to  mhnnce  rather  than  dispel  any  diffi- 
culties which  arise  upon  the  paper  in  question.  It  is  perhaps 
to  be  desired  that  tlic  inatheinntical  world  should  be  made  ac- 
quainted With  the  whole  oi  Mr.  Jerrard's  views  on  tbis  import- 
ant subject. 

Does  an  absolutely  impossible,  or  rootless,  equation  cxiat  ? 
MM.  Terquem  and  Gilain  have  discussed  this  question  in  the 
Nhuvdkt  Jmutles  de  MtUhAnaHquei*,  with  reference  to  the 
equation     

+       +  ar=l. 

But  this  equation  does  not  in  reality  raise  the  question  under 

cousidemtion.  For  (as  I  had  occasion  to  write  to  Mr.  Harley 
during  last  autumn)  every  one  of  the  cougeueric  equations 

±  '✓r+»±  VI— #861 

is  so)ahie»  And  some  one  of  the  four  values  of  x  given  by 

««±(±l)H\/3 
win  satisfy  any  one  of  the  above  four  congeners.   I  shall  there- 
fore  again  (S.  3^  vol.  mvii.  p«  dSl)  have  leeoms^  for  illustvar 
tioDf  to  the  eqnaiknts    

1+ v'sr-4-t- Vtf-l-iO, 

1— •        4—  Vx—l^Of 
each  of  which  must,  1  thiok,  be  deemed  impossible  or  rootless. 

The  only  gleam  of  a  solution  of  the  last  is,  so  far  as  I  can  see^ 
one  wbitoh  apfmgs  fipom  the  aasmnption* 

a^=4(  +  l)«+(-l)«, 

4=4(  +  l)^  1  =  (— 
while,  for  the  first,  we  have  the  system 

ar=4(-.l)^-f  (  +  m 

4=4(-l)«,  1-1:+ 1)2 

But  bow  can  that  be  called  a  solntion  whieli  depends  uponamo- 

diHcation  of  the  constants  of  a  pi-oblem  (compare  S.  4.  vol.  iii. 

p.  439)  ?    The  safer  conclusion  seems  to  be  that  the  two  e(|tta- 

tions  are  rootle  ss. 

Midland  Circuit,  at  Lincoln, 
Match  16,  1861. 

*  See  Mr.  WiUdmon's  Notm  Muikmaiim,  MMtaksT  Magaaa^ 
flil«]ltt.p.fifi8. 
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LIX,  Proceedings  of  Learned  ^ocietUi^ 

ROYAL  SOCIETY. 

[CoatiniMd  htm  p.  233.] 

Maj  24, 1860.--8ir  Bcnjtmm  C.  Biodie,  Btit.^  Plret.»  in  the  Chdr. 

n^HE  iuUowing  oommunicatious  were  read - 

"On  ft  new  Mediod  of  Approximntion  applicable  to  Elliptic 
and  Ultn>eUiptic  Functions/'   By  C.  W.  Memfield,  Baq. 

*'On  the  Luuar-diurual  Variation  of  Maguetic  Deeliaatiou  at  the 
Magnetic  Kqoator."  By  John  Allan  Bfonn,  F.R.S.»  Direetor  of  the 
Trerandmm  Ofaaemtofj. 

Thu  Tariatiou,  first  obtained  bj  M.  Kreil,  next  by  nyielf,  and 
afterwards  by  General  Sabine,  presents  several  anomalies  which  re- 
quire cnrefnl  consideration,  find  especially  a  enrefiil  exRnnnRtion  of 
the  methods  employed  to  obtain  the  results.  The  law  obtained  seemi 
to  vary  from  place  to  place  even  in  the  same  hemisphere  and  in  the 
same  ialitade«  and  Hue  to  lucli  an  extent*  that,  for  example,  whca'tlie 
noon  IS  on  the  mferior  meridian  at  Toronto  it  prodnoes  a  minfmoM 
<^  w^teriy  deeUnation,  while  for  the  moon  on  the  mlbrior  meridian 
of  Prague  and  Makerstoun  in  Scotland  it  produces  a  maximum  of 
westerly  declination.  No  two  places  have  as  yet  given  exactly  the 
same  result ;  ttiough  the  suit  tor  each  place  has  been  coulirmed  by 
the  discussion  ot  diti'erent  periods. 

In  order  to  obtain  the  lunar  diurnal  acUon,  it  has  been  usual  to 
Morider  the  magnetie  dedinatioii at  anjr time  aa  dependSqKm  the 
•nn's  and  moon  s  hour-angles  and  on  irregular  causes.  Thns»  if 
at  conjunction,  be  the  variation  due  to  the  snn  on  the  meridian, 
and  be  that  dne  to  the  moon  on  the  meridian,  H,  the  variation 
for  the  sun  at  1^,  for  the  moon  on  the  meridian  of  1^,  and  so  on; 
it  is  supposed  that  we  may  represent  the  variations  Ibr  a  series  of 
days  by  the  following  expressions,  where  the  nearest  values  of  A  to 
the  whole  bom^oi^^  are  gben 

1st  day.  H;  H',  +A\        ...  H'„ 

2liddaj.   H';+A'„+x"o   H'\+A".4-*'\  . . .  H"„+A"„+ar"^ 


II 

23» 


nth  day.  h;+a;+*;;     +a; +0.;; . . .  h;3+a;3+^; 

where  x  is  dne  to  irregular  causes,  and  n  is  the  number  of  days  in  a 
lunation  nearly. 
Snmming  tnese  qnsntltaes  we  have  approximately, 

and  the  means  are, 

Ho+€+~S  H,+  «+^,...  H„+c+^  (B) 

Here  the  hourly  means  are  ailected  by  the  constant  due  to  the  total 
action  of  the  moon  on  all  the  mcfidians,  and  by  yariablas  depending 
OB  disturbing  oanses.  If,  on  the  other  hand,  we  ammge  the  series  pa 
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Sutniuiug  tliese  qiiantUies  we  have, 
and  for  the  means, 

6+*.+^-^^.  6+*.+^:^:!:^ ....  e+ii„+*''"'  (d; 

In  tiib  case  8  is  the  mean  of  n — 1  ob^prvntionc^  of  which  24  give 
the  true  means  for  the  total  solur  influein  e,  mul  tli  j  remaining;  n  —  25 
being  equally  distributed  through  the  hQur-angie:>  also  give  the  mean 
approsimalelj. 

Instead)  kowem,  of  eombiuing  the  obaerTttimu  in  diis  nw,  the 
fbUowing  method  has  been  preferred.   Let,  in  the  quantities  (B), 


Then  H'.+  *'.+  x\-  (U„)=A'.+ 

H".+  *'.+  (HJ-  *■'.+  («".)-«*". 

•  •  •  •  •  • 

Stunmiog  the  last  two  colnmns,  we  hire 

JSrf.  2*  (.1-  ) 

— i^^i  +  ^V- 
Simihifly  we  obtau 

— ' -A,  +  .^^V,  and  so  on. 

It  will  be  observed  thfit  in  these  summations  there  are  two  assnmp- 
tions  ;  one,  that  the  hmnr  (hnrnal  law  is  constant  throughout  the 
lunation,  or  series  of  iiinatioiH,  for  which  the  means  are  obtained  ;  or 
that  the  quantity  <[  in  the  expressions  (B)  is  constant.    If  this  be 


not  exact,  then  the  quantity  ~  will  contain  the  variation  due  to  this 

came,  and  depend  in  part  on  the  lunar  hour^gle  ;  so  that  the  mean 
(H )  which  is  employed  in  taking  the  differences  will  eliminate  part 

of  the  lunar  action  and  partially  distort  the  kw.   The  other  assump- 
ticmis  th;U  the  mean  sokr  diurn?)l  variation,  represented  by  (Hq),(Hi) 
. .  . .  ,  ib  iienrlv  constant  throughout  the  period  ;  for,  if  not,  the  dif-v 
i'hiL  Mag.  S.  4.  Vol.  21.  No.  Ul.  May  18G1.       2  C 
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feienceB  due  to  sudi  dianges  might  be  aafficient  to  matk  aaf  fauiit 

law,  the  latter  harinp:  n  small  ranfj^e  compared  with  the  former. 
Ako  it  should  be  remarked  that  the  means     h^t  &c.  are  combined 

with  the  irregular  effect  "^«»^  K    This  effect,  as  far  m  it  ia  due  to 

diltiiriNUloe,  we  know  obeys  a  solur  diurnal  law ;  and  If  independent 
of  lunar  action,  a  sufficiently  large  series  of  observations  might  suffice 
to  eliminate  it,  as  combining  with  and  forming  part  of  the  regular 

solar  fliiirnal  variation.  If,  howeTcr,  the  series  is  not  very  large  and 
the  irregular  disturbance  considerable  compared  with  the  variation 
sought,  it  may  be  desirable  to  omit  or  modify  the  marked  irregu* 
larities. 

As  renfds  the  tot  assumption  referred  to  above,  the  results 
obtained  nitherto  seem  to  show  the  error  to  be  small,  and  the  only 
way  to  determine  its  amount  will  he  to  consider  it  sero  in  the  first 

instance,  and  thereafter  a  more  arenrnte  calculus  may  he  employed. 
For  the  second  assumption,  it  is  tcrt.iin  that  the  solar  diurnal  law 
Taries  considerably  in  some  cases  wiLliiii  a  lunation.  At  the  mag- 
netic equator,  for  example,  the  law  of  magnetic  declination  is  inverted 
within  a  few  weeks  near  the  equinoies.  The  attempt  to  correct  the 
error  due  to  considerable  change  in  the  solar  diurnal  Tariation  by 
taking  the  means,  as  has  been  done,  from  shorter  periods  than  a 
lunation,  is  liable  to  the  serious  objection  that  the  resulting  hourly 
means  are  afferted  unequally  by  the  lunar  actiouj  so  that  the  sums 
(A)  take  the  form, 

where  the  second  term  in  each  expression  is  a  variable.  In  the 
discussion  to  which  I  am  nhont  to  allude,  the  foUnwinrr  ]dnn  has  been 
followed.  The  hourly  means  for  the  following  series  of  weeks  were 
taken,  namely — 

fw,  from  1st,  2nd,  3rd,  and  Ith  weeks  of  the  year. 
„    2nd,  3rd,  4th,  and  5tli  ,, 

fli,        3rd,  4th,  5th,  and  6th  „ 

•  •      «      •  •  ' 

•  •  •  •  • 
«  •      •      •  • 

The  means  of  and  si,  were  than  taken  as  normals  for  tlie  3rd 
or  middle  week,  of     and     as  normals  for  the  4th  week,  and  so 

on :  these  menn?  were  tlien  omjdoyed  for  the  differences  from  the 
corres])onding  hourly  observations  of  the  weeks  to  which  tliey 
belonged. 

With  reference  to  the  irregular  effect,  it  is  evidently  desirable  that 
we  should  know  in  the  first  instance  whether  it  may  not  be  a  function 
of  the  lunar,  as  well  as  of  the  solar,  hour>angle ;  for  this  end  it  is 
essential  in  the  first  instance  to  obtam  the  result  including  all  the 
supposed  irrej-Mlar  actions,  and  afterwards  to  eliminate  these  m  the 

best  manner  jx  -siblc. 

In  the  discussion  of  tlic  Makeiaiuun  Observations  I  had  pul)sti-' 
tuted  for  certain  observations,  which  ^ave  diifereucea  from  the  mean 

beyond  a  fixed  Umit»  Ysluea  derlTca  by  interpolatioii  ftom  pie^. 
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has  rejected  wholly  the  observatbiifl  whidi  exceeded  the  Iinit  diown 
by  him.    The  omission  of  obserratioiis  acddenially  or  intentioiially, 

and  the  tnkinpr  of  rnenns  without  nny  attempt  to  supply  the  omitted 
observations  by  a|){)roxiinate  values,  require  consideration. 

Let  m  be  the  true  liourly  mean  for  an  hour  A,  derived  from  the 
complete  series  oi  n  observations ;  let  m!  be  the  mean  derived  from 
ft—  1  obBenratioiiB,  one  eheemtion  o  being  accidentally  lost ;  then 

net"© 
n— 1 

m^wi  — ssur  r. 

n  n— 1 

III  however,  we  supply  the  omitted  observation  by  an  interpolation 
between  the  pveoediog  and  succeeding  observations,  and  if  the  inter- 
polated value  he  o+^y  we  have 

ero — 

II 

The  oompmtive  erron  of    and     ate  fhenfoie 

and  ^. 

It— 1  n 

We  may  for  any  given  class  ot  obsenration  detefmine  the  mean  Talnee 
of  these  errors. 

Bxaniple&^At  Hohaitoiij  m  July  1846*  the  mean  barometer 
for  3^  (Hobarton  mean  tine)  was  29*848  in«>  and  the  mitn  diflh% 

ence  of  an  observation  at  that  hour  fircon  the  mean  for  the  hour  wnl 
0'103  in. ;  if  an  observation  had  been  omitted  with  such  a  difference^ 
or  for  which  o— m=0*403  in.,  we  shonkl  have  an  error  in  the  resulting 

mean  of  -—=0  0 16  in.,  and  the  enor  might  have  been  twice  aa 

great  had  the  ob^crrfitioTi  with  the  j^reatest  difTerrnce  hoen  rejpctedl. 
If  we  now  seek  the  error  of  wliere  the  observation  is  interpolated, 
we  shall  find  for  the  same  moiitli  tliut  the  mean  value 0f  a;=0'005  in« 

neai]/i  whence  die  error  ^s^^^i^ a 0*0002  rn^-w^M  iad  the  cnor 

would  never  exceed  0*001  in.  A  simikr  though  \m  advantageoul' 
result  will  he  found  in  all  dasaea  of  hourly  observatfona. 

In  the  caae  whete  obaenrationa  are  rejected  which  dUfef  iVom  the 
mean  for  the  corresponding  hour  more  than  a  given  quantity,  let 

ns  suppose,  to  simphfy  the  question,  that  the  sums  of  n  — 1  out  of 
n  observations  for  each  of  two  successive  hours  are  each  equal  M, 
and  that  the  observations  for  the  same  hours  of  the  nth  day  are 

reapectifely  wl-^l  and  in'+l+tf,  where  ^  ^  the  limll 

bevoiid  which  observations  are  [rejected,  and  x  is  the  excess  of  the 
observation  to  be  omitted.  The  means  retaining  all  the  observations 

2C2 
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^  n  » 

bot  if  we  veject  the  observatioa  m'+/+^,  we  have 

M«  _  •"in  •. 

It-!"! 

It  is  assumed  that  w/— w^'sssO  (any  other  hypothesis  of  Tariatioo 
would  give  the  same  final  result),  and  therefore  the  error  of  the 
dienge  from  the  first  hour  to  the  eeeond,  when  all  the  obeermtiolu 

are  retained,  is     but  if  the  observation  be  rejected,  the  change  is 

,1,1 

m  4  «  as-* 

II  n 

This  error,  therefore,  will  be  greater  than  the  other  if  /  >.i? ;  so  that 
the  error  in  the  resulting  change  from  otie  hour  to  the  next  will  he 
lew  by  retaining  an  obimttion  than  by  rejecting  it,  if  the  cKfferenee 
from  the  preceding  obiervatioii  be  not  greater  than  the  difference 
from  the  hourly  mean ;  that  this  will  inost  frequently  be  the  case 
will  be  obvious  from  the  follnwins;  fact  :^-At  Makerstonn,  in  ]814, 
at  1  A.M.  the  number  of  observations  \\liich  exceeded  the  mnntlily 
means  by  3'  and  less  than  double  t  hat,  or  iV,  was  99,  while  the  whole 
number  which  exceeded  bv  niuic  Lhau  (i'  was  only  IG.  • 

It  will  be  evident  also  that  the  diArenoe  I  of  an  observation  from 
tiie  corresponding  hourly  mean  may  not  be  due  to  inegolar  caases^ 
or  to  causes  whim  affect  the  chances  from  one  hour  to  Uie  next  in  a 
perceptible  manner,  bnf  to  gradual  and  regular  daily  change.  If  we 
exau^inc  the  daihj  means  most  free  from  irre^nlar  or  intermittent 
disturbance,  we  blmll  imd  that  tliey  vary  ])lus  or  minus  of  the  monthly 
mean;  if  the  diherence  amouuts  to  /  in  any  case,  then  the  whole 
observations  o^ihe  day  may  be  rejected  though  they  follow  the  nor- 
liial  law.  By  takmg  a  proper  value  of  I  this  case  may  not  happen  fre- 
qnently,but  cases  like  the  following  will.  At  Hobarton  the  daily : 


would  be  rejected.  Tlie  2oth  and  2()th  days  of  March  1844  had. 
been  cfaoseu  by  me  as  days  free  from  magnetic  dbturbance,  and  fol- 
lowing the  normal  hiw  at  Makervtoun  <Mak.  Obs.  1844,  p«  339), 
yet  the  means  oT  horizontal  force  for  these  davi  differed  0*00064  and 
0'00O75  from  the  monthly  means ;  had  the  former  Quantity  been 
the  liiiiit,  nil  the  observations  on  these  days  might  hnw  been  rejected.; 

Akiigetlicr  it  apjiears  to  nie  that  the  method  of  rejecting  observa- 
tioiifi  beyond  certain  limits  should  not  be  employed  at  all,  or  if 
employed,  only  when  jnterpolated  observations  are  substituted ;  and  • 
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that  this  inf  erpolatioii  should  coustitute  a  second  part  of  the  distu0« 
sion,  the  first  inclufling  nil  the  observations*. 

^  Thefe  consicierniions  may  appear  pomewhat  ekinentRrv,  but  it  is 
faaditlal  that  recults  which  present  such  anomalies  as'  the  lunar 
diamal  variation  of  magnetic  dectinatton  shqnld  be  obtained  ia  a 
manner  the  moit  free  from  objecUon^  even  thongB  the  olrjectioos 
should  touch  on  qtumtitiefl  of  a  second  order  compared  with  thcee 
obtained. 

The  discussion  of  which  I  now  proceed  to  note  the  results, 
inchides  all  the  hourly  observations  v  itiiout  exreption,  made  in  the 
Trevandrum  Observatory  (within  a  degree  and  a  iiaif  of  the  magnetic 
equator)  during  the  Htc  yeara  1854  to  I8&8 ;  the  second  part  of  the 
discuaaion»  in  which  days  of  great  magnetic  irregularity  Dave  been 
wholly  rejected,  not  being  completed,  I  shall  reserve  the  detasb  for  a 
tnore  formal  commnnication  to  the  Royal  Society.  Hie  restdttf 
obtained  are  as  follows : — 

1st.  At  the  magnetic  equator  the  lunar  diurnal  law  of  magnetic 
declination  varies  with  the  moon's  declination  and  with  the  sun's 
declination. 

2^d«  This  Tariation  in  so  considemhle  ih«t  the  attempt  to  combine 
all  the  obwrrations  to  form  the  mean  law  for  the  year  gives  results 
that  are  not  true  for  anv  period.  Hence  evidently  the  impossibility 
of  relating  the  laws  at  different  ]>]Rces.  The  so-called  mean  law  for 
the  year  at  Trevandrnm  obtained  lor  the  moon  furthest  north,  on  the 
equator  going  south,  furthest  south,  and  on  the  equator  going  north, 
consists  of  three  maxima  and  three  minima, — a  result  wholly  false, 
teceptine  as  an  arithmetical  openitidD  due  to  combination  of  rety 
different  laws. 

drd.  The  lunar  dinmal  law  varies  chiefly  with  the  position  of  the«iM» 
the  variation  being  compnTativoly  small  with  the  position  of  the  moon. 

4th.  At  the  magnetic  equator  the  range  of  the  variations  is  mark- 
edly greatest  in  the  months  of  Januarys  February,  November  and 
December,  or  about  perihelion. 

The  foDowinr  results  are  derived  after  grouping  the  means  for  diffei^ 
ent  positions  of  the  moon  in  periods  of  sfat  months,  October  to  March, 
and  April  to  Sep^ber ;  they  are  therefore,  for  the  reason  given  in 
the  2nd  conclusion,  not  quite  accurate ;  but  the  change  of  the  law  from 
month  to  month  will  be  followed  when  the  details  are  pre^cntrd  to  the 
Society.    The  tollowinp;  will  tjive  a  general  idea  of  the  changes:-— 

5tji.  JVhen  the  vioon  ts  Jurtheit  north. 
'  a.  About  perihelion.    The  lunar  diurnal  law  of  magnetic  declina- 
tion consists  of  two  mofuaff f  when  the  moon  is  sear  Sie  unper  and 
lower  meridianiy  the  maximum  for  the  latter  being  much  tne  great- 

•  I  shotild  note  hcrr  rny  belief  thai  a  j'crtilian'ty  noticed  hjr  General  Sabine  in 
his  discussions  ss  requiring  expUnatiuii,  namely,  that  ihe  excursions  of  the  decU- 
natnm  needle  cast  and  west  In  the  lunar  diurnal  variation  btfe  ntj  diAereat 
magnitudes,  is  due  to  the  rejection  of  observations,  while  the  means  by  which  the 

diffcrfncrs  were  f>1»tfiinf»d  included  llie  reject*"*!  quantities. 

t  i  iie  declination  is  easterly  at  Trevaudrum,  and  tlte  maxima  indicate  greater 
'4Silii^  decUnslIeB* 
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est }  of  the  two  minima  at  intermediate  epochfli  that  for  the  getting 
moon  is  the  most  marked. 

About  •pholioa.  Tha  law  oonsUU  of  iiio  nearly  l  c^ual  mMm 
iwtr  the  vpper  and  lower  tranaitt  t  of  the  two  intannMiatt  maxiiBa» 
tbil  near  the  moonset  is  the  roost  marked. 

c.  Thus  the  law  about  the  winter  solstice  is  inverted  about  the 
summer  solaticc,  and  the  oiu  law  ])asses  into  the  other  at  the  epocha 
of  the  equinoxes,  exactly  as  for  the  solar  diurnal  variation, 
^  (jth.  For  the  moon  on  the  equator  going  south, 

m.  About  peribelkm.  The  Innar  diunal  law  maiata  of  two 
nearfy  equal  mastima  near  tho  anpcriof  and  inferior  transits :  of  tfae 
Uro  intetmedialo  minunaa  the  moonaet  mintmnaa  i«  by  iar  tho  moot 
marked . 

h.  About  aphelion.  The  law  consists  of  two  nearly  equal  minima 
near  the  superior  and  inferior  transits :  of  the  two  intermediate 
maxima,  that  near  moonrisc  is  by  far  the  most  marked* 

0,  In  thia  case  aUo  the  law9  for  tba  aolatioaa  are  the  opposite  of 
iieh  othflr,  and  tho  ono  law  passaa  into  tbo  otber  near  tbe  epobbe  of  • 
the  equinoxes. 

7th.  For  the  moon  furtheet  $outh, 

a.  About  perihelion.  The  lunar  diurnal  law  consists  of  maxima- 
near  the  upiu  r  and  lower  transits,  that  nt  the  upper  transit  bein^^by 
far  the  most  marked ;  of  the  intermediate  minima*  that  near  piuou- 
set  is  the  greater, 

.  !•  About  apbdbn.  Tbt  law  oondati  of  two  imnima»  Uie  moft 
marbed  at  tbo  biMor  tranril;,  the  other  abont  three  homabefbre  tbo 
supeiior  tramits  and  of  two  equal  maxima,  one  near  moonrise*  the 
other  near  the  superior  tranaitt  but  varying  little  till  3  boura  belbro 
tjhe  inferior  ])a&9age. 

e.  In  thi.s  instance  the  inversion  is  not  so  complete  as  in  the  other 
ca^es ;  tlm,  it  is  believed,  wdi  be  found  to  be  due  to  the  fact  that  the 
obaogs  ftom  one  law  to  the  otber  takes  place  ailer  the  Teroal  and 
before  the  autumnal  eqninoK ;  ao  that  in  the  meana  for  fix  monthly 
from  Wbkb  tbo  above  conclusions  are  drawn,  the  lanattoni  following 
the  Iaw  a  are  combined  with  those  belonging  to 

8th.  The  moon  on  th^  equator  ffoing  north, 

a.  About  perihelion.  The  lunar  diurnal  law  consists  of  two  nearly 
e^uai  maxniia  when  the  moon  is  near  the  superior  and  inferior  men- 
dians  i  of  the  two  intennediate  minima,  that  near  moonrise  is  hy  far 
the  moat  narked. 

.  hn  Abont  ftjphelion.  The  law  conaiata  of  two  mimmn  at  the  infe* 
and  anpenor  tninaita ;  and  of  two  maxima,  the  greatest  at  moon- 
set,  the  other  between  the  meridians  of  IC^  ami  21^  ;  between  theao. 
poiuts  there  is  ati  inflexion  constituting  a  slight  minimiiui. 

c.  In  this  case  also  the  opposition  of  the  laws  id  sufficiently  well 
marked ;  the  only  divergence  from  opposition  being  that  due  to  tlie 
minor  minlmom  abont  the  meridian  of  19^  due,  it  ia  bdioTed,  ao 
noted  7th  e,  to  tbo  partial  eombination  of-oppoaite  lawa  in  tho 
aphelion  half-year. 
9th.  It  will  be  observed  that  the  variationa  of  the  kw  with  refers 


Digitized  by  Gopgle 


On  the  Nahtrt  of  the  Ugki  uiMM  kf  kmtied  nurmaline.  W^l 

encc  to  the  mtwyn's  deciiiiatiou/or  any  g wen  period  of  the  year,  con- 
sists chiefly  ia  the  difference  of  the  rebtive  values  of  the  rnaxima  and 
ttiiUiM,  m  difeenoM  of  epochs  being  sm&U.  Thus  fur  peniielion» 
tlM  auMik  Ibftheit  Qortlit  w  principal  masimiim  OQOQif  at  tnf^* 
ikr  pmnge ;  the  moon  on  the  equator  going  soatli,  the  two 
afo  nearly  equal ;  the  moon  furthest  aoatb,  the  maKuniun  at  the 
superior  passage  is  by  far  the  f::reatest :  on  the  equator  going  north, 
the  two  maxiuia  are  again  nearly  equal  j  and  so  on  for  other  cpocha. 

10th.  The  moou  s  action  ia  chiefly,  if  not  wholly,  d€[)eiulent  on 
the  position  of  the  sun,  or  (which  is  the  same  thing)  on  the  position 
«f  the  eertb  nlattfeljr  to  the  tun;  and  tlie  Unr  of  the  lunar  aotioi;i  at 
the  magnetio  equator  icaembles  in  aome  pobti  tliat  for  tiie  iolajc 
aetien  at  the  same  epochs.  Thus  about  aphelion  there  is  a  minimum 
of  enstprly  (mnximum  of  westerly)  declination  produced  by  the  lunar 
action,  as  well  as  by  the  solnr  action,  for  these  two  hodiefl  near  the 
superior  meridian;  whereas  about  [lerihclian  both  actions  for  tho 
sun  and  moon  near  the  superior  meridian  produce  maxima  of  easterly 
dedinatioii*  A  Hke  analogy  holds  for         the  epochs  of  iiuu^ 

/une  14.^ — General  Sabine,  R.A.,  Treasurer  and  Vice-President,  in 

the  Chair. 

The  foiiowing  communication  was  read  : — • 

"  On  the  !(«Iature  of  the  Light  emitted  by  heated  Tourmaline."  J^j 
Wfbnr  Stfwart.  ^q.,  VLJl, 

Some  noiitha  ago  I  had  the  honour  of  submitting  to  the  Boyal 
9o€M)(y  •  paper  on  the  Ught  radiated  bj  heated  bodies  in  which  it  ' 
wi^  endeavoured  to  expuon  the  laeta  recorded  hj  an  extenaion  of 

the  theory  of  exchanges. 

IIiiviii£>  mentioned  the  ditliculty  which  I  had  in  maintaining  the 
various  traabpareut  subbiaiitcs  at  a  nearly  steady  red  heat  for  a 
■uriBeient  length  of  time  In  experimeDts  oemanmng  a  dark  back* 
ground,  Prpfeasor  Stokea  auggested  an  apparatos  by  meaua  of  which 
this  difficulty  might  be  oYOoome ;  and  it  is  owing  to  his  kinchu  ss  in 
doing  so  that  I  have  been  enabled  to  lay  theae  reatdta  before  tho 
Society. 

The  apparatus  consists  of  a  thick,  spherical,  cast-iron  bomb,  about 
5  inches  in  external  and  3  inches  in  internal  diameter — the  thickness 
of  the  shell  bein^  therefore  1  inch.  It  has  a  cover  removeable  at 
pleeaure.  There  la  a  amall  stand  in  the  maide,  upon  which  the  anb* 
stance  under  examination  is  placed,  and  when  so  placed  it  la  pr&i 
cMjr  at  the  centre  of  the  bomb.  Two  small  round  holes,  opposite 
to  one  another,  viz.  at  the  two  extremities  of  a  diatneter,  are  bored  in 
the  substance  of  the  shell.  If,  therefore,  the  .substance  placed  upon 
the  stand  be  transparent,  and  have  parallel  surtiice.s,  by  placing  these 
surfaces  so  as  to  fiont  llie  holes,  ^ve  are  enabled  to  see  through  the 
anhitance,  and  oonaequentlv  through  the  bomb.  Let  the  bomb  widi 
the  anbatance  on  the  atand  be  heated  to  a  good  red  heat,  and  then 
withdrawn  from  the  fire  and  allowed  to  coou  |t  ia  evident  that  the 
mling  9f  the  aubatance  pn  the  atand  will  proceed  very  alpwlj,  ca  U 
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is  almost  completely  i^urrouiiilcd  \«ith  a  red-hot  enclosure.  It  is  also 
t^vldtiit  that,  by  placing  the  boulilii  a  dark  100111,  ve  mwy  riew  the 
thmsparenl  tttbstaiice  against  a  dark  background.  By  this  mctbod 
of  rsiperimenting^  theKfor»»  the  difficulty  abore  alluded  to'  ia  o%'er- 

come. 

•  Before  cTescriljinji;  the  expcrirnrnt  performed  on  tonrnmlino,  it  may 
be  to  state  what  result  the  tlicorv  of  exriinnscs  would  lead  us  to 
expect  when  this  mineral  is  heated,  and  we  shall  perceive  at  the  same 
time  the  importance  of  the  experiment  tvith  toarmalineaB  attit  of 
die  theory.  When  «  mitable  piece  of  toamaltiie,  with  its  {aeee  cut 
pirallel  to  the  axis,  is  used  to  transmit  ordinary  light,  the  light  which 
it  transmita  is  nearly  completely  polarized,  the  plane  of  polarization 
depending  on  the  position  of  the  ftxi?.  The  reason  of  this  is,  thnt  if 
we  resohe  the  incident  light  uitu  two  portion?,  one  of  which  consists 
of  liglit  ])ol!\rizrd  in  ft  plane  per])f:ndicular  to  the  axis  ot  the  crystal, 
and  the  other  of  light  polarized  lu  a  plane  parallel  to  the  same  axis, 
iiearij  all  the  latter  k  abeorbed,  irhfle  a  notable  proportioii  of  the 
ftrmer  ia  dlowcd  to  paaa. 

Suppofe  now  that  anch  a  piece  of  tourmaline  is  placed  in  a  red-hot 
enclosure ;  the  theory  of  exchanges,  when  fully  carried  out,  demands 
that  the  lip:ht  transmitted  bv  the  tonrmnline,  snv  in  a  direction  per- 
pendicular to  its  t^urface,  plus  the  liglit  raiiiated  by  the  tourmaline 
m  that  direction,  phu  the  small  uuantity  of  light  reflected  by  the 
iiiHbee  of  the  tourmaline  in  that  direction,  ah«l  together  eqdal  in 
miantitjr  and  quality  that  lAadb,  woold  have  praeeeded  in  the  eaaie 
wrectton  from  the  wall  of  the  eneloaare  alone,  supposing  the  tour- 
maline to  haye  been  removed.  Let  us  neglect  the  smjill  quantity  of 
light  which  is  reflected  from  the  fnrface  of  the  tonrmaline,  and, 
standing  in  front  of  it,  analyse  with  our  polariscope  the  light  which 
proceeds  from  it.  This  light  consists  of  two  portion?,  the  trans- 
mitted and  the  radiated,  both  of  which  together  ought  to  be  equal 
hi  qnafity  and  hitensity  to  that  which  would  reach  our  poiariicope 
from  the  enclosure  alone  were  the  tourmaline  taken  away.  But  mt 
light  which  would  fall  on  our  polariscope  from  the  enclosure  alone 
would  not  be  jiolnrirrd  ;  hence  the  whole  bodv  of  light  which  falls 
upon  it  Ironi  tlie  tourmahne,  and  which  is  similar  in  qnnlily  to  the 
former,  onght  not  to  be  polniized.  Now  j  art  of  this  li^ht,  or  that 
which  is  transmitted  by  the  tourmaline,  is  polarized;  hence  it  fol- 
lows, in  order  that  the  whole  be  without  polarisation,  that  the  light 
Ivhicfa  is  radiated  should  he  partially  polarised  in  a  direction  at  right 
Angles  to  that  which  is  transmitted. 

Another  way  of  stating  this  conclusion  is  this.  The  light  which 
the  tonrmaline  radiates  is  equal  to  that  wbioh  it  nb«?orbs,  and  tliis 
equality  holds  separnfely  for  light  polarized  in  a  plane  parallel  to  tlie 
axis  of  the  crystal,  and  for  light  polarized  in  a  plane  perpendicular 
to  the  same. 

The  experiment  waa  made  with  a  piece  of  brown  tourmalme 
having  a  few  opake  streaks,  procured  from  Mr.  Darker  of  Lambeth* 
It  was  placed  in  a  graphite  flrame  between  two  circular  holes  msdc 
as  above  described  in  opposite  sides  of  the  bomb,  the  diameter  of  th« 
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boles  being  about  i^ths  of  an  inch.  On  looking  in  at  one  of  (heat 
lioki  yott  eonld  thvt  nee  through  the  lourmtline  nod  the  op}>ostto 
Mtf  or»  in  other  wordr,  see  quite  through  the  homh'.  An  arrange- 
ment WM  also  made  by  which  part  of  the  tonrmrihie  nnigbi  be  viewed 

with  the  graphite  hcliinfl  it. 

The  apparatus  thug  prej)ared  wa3  heated  to  a  red  or  yellow  )ieat 
iu  the  lire,  placed  on  a  briek  in  a  dark  room,  and  the  tourjiiaiine 
viewed  by  a  polariscope  which  Mr.  Gaasiot  kmdiy  lent  me.  The 
Mowing  wae  tiie  appeamnee  the  eiperhnttit  s — 
*  Without  the  .polanaoope  the  transpareDt  perts  of  the  tourmaltne 
were  slightly  leas  mdient  than  the  field  around  them.  When  the 
polariscope  was  used,  the  light  from  the  transparent  portions  of  the 
tourmaline  was  found  to  vary  in  intensity  as  the  instrument  was 
turned  round.  No  change  of  intensity  could  be  observed  in  the 
light  radiated  by  the  opake  streaks  of  the  tourmaline,  or  by  the 
graphite. 

The  hfjblt  from  the  transparent  portlona  waa  therefoK  parti^ty 
polarized.  The  polariscope  was  then  hfought  to  its  darkol  poflitloa^ 
and  a  light  from  behind  allowed  to  pass  through  the  tonnnidine. 

The  light  was  distinctly  Tisible  in  this  po«!ition,  but  by  tuminp;  round 
the  polariscope  about  90°  it  became  eolij)sed.  The  nicun  of  tour 
sets  of  experiment?  made  the  difference  between  the  position  of  dark- 
ness for  the  two  cases  88^°.  It  appears,  therefore,  that  the  light 
ludiiilad  by  the  tounBalino  was  partially  polaiked  in  a  plane  at  right 
angki  to  that  which  waa  tnnamitted  it.  It  waa  also  ascertained 
Hitl  the  light  from  the  toarmaline  which  had  the  graphite  behind  H 
gfe  no  ttaae  of  pohriaaticn. 


LX.  iiU^Uisfmiee  mid  Miicdlaneoui  Artidei^ 

ON  THE  MOTION  OF  TIIE  STRINGS  OF  A  VIOLIN. 
BY  FUOFESSQft  H.  UELMH0LT8. 

T  HAVE  been  studying  for  tome  time  the  causes  of  the  different 
quRlitie?  of  sound  ;  nnd  as  I  founcJ  that  those  differences  depended 
princi]nilly  upon  the  nuniber  nnd  it)4^'>  n?ity  of  the  harmonic  sounds 
accompanying  the  fundamentnl  one,  I  was  obliged  to  investigate  the 
Ibrms  of  elartie  vibrationa  performed  by  different  sounding  bodies. 
Among  sueh  vibrations,  the  form  of  which  ia  not  yet  exactly  known, 
the  vibrations  of  strings  excited  by  the  bow  ol  a  violin  are  peculiarly 
interesting.  Th.  Young  describes  them  as  very  irregular ;  but  I  sup- 
]>o«e  that  his  assertion  relates  only  to  the  motions  ^vhich  remain  after 
the  impulse  of  the  bow  has  censed.  At  least,  1  myself  found  the 
motion  very  regular  as  long  as  the  bow  is  appHed  near  one  end  of  the 
string,  in  the  regular  way  commooly  followed  by  players  of  the 
violin.  1  used  a  method  of  observing  venr  similar  to  that  of 
Lissajoux.  Already,  without  the  assistance  of  any  instruments,  one 
ean  see  easily  that  a  stiing  moved  by  the  bow  vibrates  in  one  plane 
6nly — the  same  phme  in  which  the  string  iteell  and  the  haura-  ol 
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tlm  tar  lie  ntuatod.  ThU  plant  w«i  licMfiaoiitel  in  «y  •xpiri* 
■Mnti*  The  Btring  wa>  powd^d  with  starch,  and  ttraogly  UlnnU 
aated*   One  of  the  little  grains  of  stareh,  kicking  like  a  bright  point, 

was  observed  by  a  vertical  microscope,  the  object  lens  of  which  was 
fixed  to  one  of  tlic  branches  of  a  tuning-fork.  The  fork,  making  120 
vibrations  in  tlie  second,  was  placed  between  the  branches  of  a  horse- 
shoe dectro-magnet,  which  wm  magoetized  by  aa  interrupted  electric 
ourrentj  the  numher  of  int«mipt!oiis  being  itself  120  in  the  seoond. 
In  that  way  the  fork  was  kept  vihrating  for  as  k>ng  a  time  at  I  de- 
aired.  The  lens  of  the  ]niecnecoi>e  vibrated  in  a  directi^Ki  parallel  to 
tha  string,  and  therefore  perpendicular  to  its  vibratioDs.  The  string 
I  used  was  the  «ecoTul  string  of  a  violin,  answering  to  the  note  A, 
tuned  a  little  higher  than  common,  to  480  vibrations,  and  therefore 
it  pcrtormed  four  vibrations  for  every  uac  of  the  tuning-fork»  Look- 
ing through  the  microscope,  I  observed  the  grain  of  sta^^  describing 
an  illuminated  curved  line,  the  horizontal  absciBStt  of  whiejh  cnne* 
sponded  to  the  deviations  of  the  tuning-forki  and  tha  vertical  Ofdmatea 
to  the  deviations  of  the  string.  I  found  it  a  matter  of  importance  to 
use  a  violin  of  most  perfect  construction,  and  I  was  fortunate  in  get- 
ting a  very  fine  instrument  of  Guadoniui  for  these  experiments.  On 
the  common  instruments  of  inferior  quality  I  could  not  keep  the  curve 
CQUStante  nough  for  numbering  the  little  iudeuLures  whick  1  shall 

describe  afterwards,  althongb  the  gmieial  ebaiactar  of  tha  eum  wm 
tha  aame  op  all  the  inatniments  I  tried :  tba  ounre  used  to  mota  hj. 
jerks  along  the  line  of  abscissae ;  and  every  jerk  waa  accompanied  by 
^  scratching  noise  of  the  bow.   On  the  contrary,  with  the  Italian. 

instrument,  and  after  some  practice,  I  got  a  curve  completely  qui- 
escent as  long  as  the  bow  moved  in  one  direction,  the  sound  being 
very  pure  and  free  from  t^cratching. 

We  may  consider  the  motion  of  the  string  as  being  compounded 
of  two  di&raiit  aeta  of  vlbratuNU,  the  first  of  whieb  la  the  prmdpal 
motion  as  to  magnitude.  Its  period  is  equal  to  the  period  of  the 
fundamental  soand  of  the  string,  and  it  is  independent  of  the  situation 
of  the  point  where  the  bow  is  applied.  The  second  motion  produces 
only  very  small  indentures  of  the  curve.  Its  period  of  vil)ration 
answers  to  one  of  the  higher  harmonica  uf  the  string.  It  is  known 
tliat  a  string,  when  producing  uui^  uue  uf  lU  iiigher  harmuiacb,  Ia 

divided  into  eaveral  vibiating  divimona  of  equal  kngth,  being  sepa- 
rated by  quiescent  points,  whieb  are  called  nodea.   In  all  the  nodea 

of  the  second  motion  of  the  string  in  tba  compound  result  at  pre* 
sent  considered,  the  principal  motion  appears  alone ;  and  also  in  the 
other  points  of  the  string  the  indentures  corresponding  to  the  seoond 
motion  arc  easily  obliterated,  if  the  line  of  light  is  too  broad. 

The  principal  motion  of  the  string  is  such  that  every  point  of  it 
goes  to  one  side  with  a  constant  velocity,  and  returns  to  the  other 
side  with  another  constant  velocity. 

Plate  V.  fig.  7  represents  four  such  vibrationa,  coneq^ondingto  on^ 
vibration  of  the  fork .  The  horizo  n  tal  abscissae  are  proportional  to  tho 
time,  the  vertical  ordi nates  to  the  deviation  of  the  vibrating  point. 
£very  vibration  is  formed  on  the  curve  by  two  straight  linee*  TIsm 
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eurve  is  not  seen  quite  in  tiie  same  way  through  the  microscopei 
because  there  the  horizontal  abscissae  are  not  propo^rtipnal  to  the  time 
but  to  tbt  line  of  Hie  tiM  It  most  be  imagiiied  that  the  com 
(ig,  7)  »  wound  wp  round  a  cylinder,  so  that  the  two  ends  qf 
it  meet  together,  and  that  the  whole  ia  seen  in  perspective  from  % 
prcat  distance  ;  thus  it  had  the  real  appearance  ofthecur\'e,  as  repre- 
sented in  two  different  positions  in  tig.  S.  If  the  number  of  vibra- 
tions of  the  string  is  accurately  equal  to  four  times  the  number  of  the 
tuning-fork,  the  curve  appears  c^uietiy  keeping  tlie  same  position.  If 
is,  on  the  oontnury,  a  little  diffivence  of  tuning,  it  looks  as  If  the 
CTlipder  rotated  sbwljr  i^iit  its  axis,  and  hy  the  motion  of  the  eiurvet 
m  observer  gets  as  livelf  an  impression  of^ a  cylindrieal  surface,  on 
which  it  seems  to  be  drawn,  as  if  looking  at  a  stereoscopic  picture^ 
The  same  impression  may  be  produced  by  combining,  stcreospoiiicaUyf 
the  two  diagrams  of  fig.  8,  , 

We  learu,  therefore,  by  these  experiments, — 

I.  That  the  strings  of  a  violin*  when  struck  hy  the  bow,  vibrate 
inooeplane. 

That  eyeiy  point  of  the  string  nuifis  to  end  ise  with  two  coa«^ 

Stant  velocities. 

The?e  two  data  are  suffieient  for  finding  the  complete  equation  of 
the  motion  of  the  whole  string.    It  is  the  following ; —  ,  ,  ^ 

,-As{i«B(if£)«.(»^"J)}  0) 

f  is  the  deviation  of  the  point  whose  distance  from  one  end  of  the 
f  trin*^  19  r ;  /,  the  length  of  the  string  ;  /,  the  time  ;  T,  the  duration 
of  unc  vibration  ;  A,  an  arbitrary  constant;  and  n,  any  whole  number; 
and  ali  values  of  the  expression  under  the  sign  got  in  that  way, 
are  to  be  summed. 

A  oomprehensive  idea  of  the  motion  represented  by  this  equation 
may  be  given  in  the  foUowin<;  way : — Let  a  ^,  fig.  9,  be  the  equili* 
brium  position  of  tl^  string.  During  the  vibration  its  forms  will  be 
similar  to  n  c  ft,  com|>ounded  of  two  straight  line«,  ft  f  and  cb,  inter- 
secting^ iu  the  [)oint  c.  Let  this  point  of  interi*ecticui  move  with  a 
constant  velocity  along  twotiat  circular  arcs,  lying  symmetricKlly  on 
the  two  sides  of  the  string,  and  passing  through  its  ends,  as  repre- 
asBted  Id  fig.  9.  A  motioii  the  same  as  the  aetual  motlom  ef  thv 
whole  string  is  thus  given. 

•  As  for  the  motion  of  etery  single  point,  it  may  be  dednesd  from 
equation  (1),  that  the  two  parts  a  b  and  b  c  (fig.  7)  of  the  thne  of 
every  vibration  are  proportional  to  the  two  parts  of  the  string  which 
are  separated  by  the  observed  point.  The  two  velocities  of  course 
are  inversely  proportional  to  the  times  a  b  and  b  c.  In  that  half  of 
the  string  wbieh  is  touched  by  the  bow,  the  smaller  velocity  has  the 
sane  direietion  as  the  bow ;  in  the  other  half  of  the  string  it  has  the 
contrary  durection.  By  comparing  the  velocity  of  the  bow  with  the 
velocity  of  the  point  touched  by  it,  I  found  that  this  point  of  the 
String  adheres  ^t  to  the  )k>w  and  partakes  in  its  motian  during  the 
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time  a  b,  then  is  torn  off  and  jumps  back  to  its  first  positioa  during 
the  time  b  c,  till  the  bow  ngain  gets  Imld  of  it. 

With  these  princi])al  vibrations  tnialler  Tibrationt  are  compomided, 
the  nature  ol  which  I  am  define  acciitately  only  in  tiie  case  where 
the  bow  touches  a  point  whose  distance  from  the  neater  end  of  the 

string  is  i,  \,  -,  &e*  of  its  whole  lengtii,  or  generally     if  M  is  n 
5  6  7  "1 

whole  number.    Because  the  point  where  the  bow  is  applied  is  not 

moved  bv  any  vibration  belonging  to  the  with,  2inth,  &c.  harmonic, 

it  is  (|uiLe  iodiflferent  fur  the  motion  of  that  point,  and  for  the  impulses 

cxetted  hy  the  bow  upon  the  string,  whether  vibrations  corresponding 

to  the  Mth  harmonie  exist  or  not.   Tb.  Yoiin^  has  proved  thattf 

we  excite  the  vibrations  of  a  string  by  bending  it  with  the  finger,  as 

in  the  harp,  or  hit  it  with  a  single  stroke,  as  in  the  piano,  in  the 

CUsuing^  motion  all  those  harmonics  are  wanting  which  have  a  node 

in  the  touched  point.     I  therefore  conclnded  nho  that  the  bow 

cannot  excite  those  harmonics  which  have  a  nude  at  tiic  point  where 

it  is  applied ;  and  I  found,  indeed*  that  if  this  point  is  distant--  htum 

Hht  end,  the  ear  does  nol  hear  the  «th  haimonio  sound,  altbougk  it 
^tingnishes  very  well  all  the  other  hannouics.  Therefore,  in  the 
aquatioii  all  those  members  of  the  sum  will  be  wanting  in  which 
n  is  equal  to  m,  or  2m,  or  3m,  ^r.  The*e  mcrnhers,  taken  to;rcther, 
constitute  a  vibratiuu  of  the  string  with  m  vibrating  divisions.  Every 
such  islun  perforjiji*  the  same  form  of  vibration  we  have  described 
as  the  principal  vibration  of  the  whole  string.  These  small  vibra- 
tions mnst  be  subtracted  from  the  principal  vibration  of  the  whole 
string  for  getting  its  actual  vibration.  Curves  constructed  according 
to  this  Aeorettcal  view  represent  very  well  the  really  observed  curves. 

lfm-6«dthe«Wrfpobti.d»t.nt/^fro«theth««aofth. 

string,  the  motion  is  represented  in  ^g,  10.  Near  the  end  of  the 
string,  where  the  bow  is  commonly  applied  by  players,  the  nodes  of 
different  harmonics  are  very  near  to  each  other,  so  that  the  bow  is 
nearlv  always  at,  or  at  least  very  near  to»  the  place  of  a  node. 
Strilung  in  the  middle  between  two  nodes,  I  could  -  not  get  a  curve 
sufficiently  constant  for  my  observations.  If  I  strike  very  near  the 
end*  the  sound  changes  often  between  the  fundamental  and  the 
second  or  third  liftrmonic,  which  I-  iiidicutt  d  l-vgrruhifil  corresponding 
alterations  of  the  curvt . — From  the  i'roceediitgg  o/  the  Giatgow  FhUo* 
topkical  Society  for  Dec.  19,  1860. 


ON  CLAIBAVT's  TBBOMH*    BT  VB0F«  HBKNBMYj  r.M. 

Laplaee  has  shown  that  this  theorem  follows,  whatevecmay  be  the 
density  of  the  interior  parts  of  the  earth,  provided  it  consists  of  similar 

concentric  strata,  and  that  the  form  of  the  outer  stratum  is  ellipsoidal. 
Ill  the  *  Philosophical  Transactions '  for  1836,  Mr,  Airy  (the  present 
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Astranomer  Rojrtl  of  England)  has  preaented  an  equifakiit  reanlt 
more  recently,  Professor  Stokes  has  shown  that  we  can  deduce  the 

law  of  variation  of  terrestrial  gravity  without  any  hypothesis  what- 
soever aa  to  the  earth's  interior  structure.  He  assumes  merely  that 
its  surface  ii5j>heroidal,  and  that  tlie  equation  of  fluid  equilibrium 
hoids  o;oud  at  that  surface.  In  vol.  vi.  of  the  '  Cambridge  Matbe* 
naticai  Journal/  Professor  Hanc^ton  prcaanted*  a  demonstration, 
fbanded  upon  the  same  assumptions  as  those  of  Professor  Stokes, 
and  in  which  he  uses  certain  propositions  relative  to  attractions 
which  had  been  enunciated  by  Gau»8  and  MaeeuUagh.  While 
studyins^  the  labours  of  tho«e  mathematicians,  it  appeared  to  me 
thnt  the  question  could  be  entirely  divested  of  the  hydrostatical 
character,  and  that  Clairaut's  theorem  may  be  directly  deduced  from 
the  equations  to  the  normal  of  any  closed  surface,  without  any  con- 
aideratioDS  as  .  to  the  physical  condition  oC  the  matter  forming  that 
surface.  Thus  every  surfiooe  eoneentric  with  the  earth,  and  jjitt*. 
pendicular  to  gravity,  will  possess  the  property  of  exhibiting  this 
relation  in  the  intensity  of  gravity  at  its  various  points. 

Let  X,  Y,  Z  represent  the  components  parallel  to  the  rectangular 
axes  of  the  forces  by  which  a  point  i«  retained  at  rest  on  a  given 
surface  whose  equation  is  L=0.  Then  from  the  equations  of  the 
oonnal  we  have 

when  the  resultant  of  these  forces  is  perpendicular  to  the  given  sur- 
face. If  we  represent  by  V  the  potential  of  the  earth  on  the  pari 
tide  in  question,  by  w  the  angular  velocity  of  rotation,  we  have 

Mid  the  above  equations  beeome 

dx      dx  dy        \  dy    ^ dx)* 

dz  dx  •  dx  dx  dz* 

If,  ill  conformity  with  General  Schubert's^  recent  determlnatioM* 
we  assume  the  earth's  surface  to  be  that  of  an  ellipsoid,  wiUl  thlCOi 
unequal  axes,  we  should  substitute  for  L 

or 

dm    if'  dy    ^'  dz 
tom.L  .  . 
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Each  of  these  partial  differential  equations  can  be  easily  integmtedt 
and  the  value  oF  V,  finally  obtained,  m  equivalent  to  the  eqaation 
of  fluid  equilibrimo»  or 

Let  0  represent  the  complement  uf  the  latitude,  and  ^  the  loQgitttde, 
counted  from  the  meridian  of  the  greatest  axis,  then  ^ 

Bmr9M$t  irsf  ain0oosf,  ysr  fin  •  tki  f » 

■lid 

8 

la  die  case  of  an  dlipaoid  baving  the  dliptioity#»  tre  liave,  neglect* 
mgi  amdU  terms, 

rve  (l-*e  eoe^d). 

From  these  equations,  and  from  the  properties  of  Laplace's  functions 
into  which  V  can  be  expanded^  an  ezpresiieii  can  be  obtained  of  the 
lane  kind  at  that  deduced  by  Professor  Stokes  firom  his  own  and 
(jkuss's  theorems  relative  to  attnetions,— -jPreeeeifMft  ^tke  Ro^ 
irUk  AcmUm^,  Feb.  26»  186L 


ON  A  If ITHOD  OT  tAKIMO  TA?Ott»-DBNtITIXB  LOW  TBMPIEA- 
TURE8.  BT  DB,  LYON  PLATfAIBi  OkB«|  y.B.ti|  ABB  A.  WABt-i 
LTM^  r.BJI.B. 

The  anthwa  to  ftegnanlt^a  eiqicrlinenta»  which  have  shown 
that  aqneons  Taponr  in  the  atmosphere  has  the  same  vapoor-density 

at  ordinary  temperatures  ae  aqutoiw  vapour  above  lOOPC;  and 
they  bring  forward  fresh  experiments  upon  alcohol  and  ether  to  show 
that  when  mixed  with  hydrop-en  these  vnpoiirs  pre«erve  their  normal 
density  at  20°  or  SO^C.  below  the  boiling-points  of  the  liquid?,  and 
infer  generally  that  vapours,  when  partially  saturating  a  permanent 
gas,  retain  their  normal  densities  at  low  temperatures. 

FVom  their  researches  the  authors  deduce  the  oonsequence-^re- 
narkable,  but  quite  in  harmony  with  theory — that  permanent  gases 
have  the  poperty  of  rendering  vapour  truly  gaseous.  Stat^  in 
more  precise  term?,  the  proposition  maintained  by  the  nuthor?  is, 
"The  presence  of  a  permanent  gas  affects  a  vapour,  ^^o  th^t  its  ex- 
pansion-cociricic'iit  at  temperatures  near  its  ixunt  of  liquefaction 
tends  tu  aupruj^imute  to  lU  uxpansiun-coe£ciuit  at  iha  highest  tem* 

penturei* 
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Tlie  author?  nnticiimtc  that  admixture  ^\  ith  a  permanent  g^as  may 
terve  aa  akinduf  reagent  to  distinguish  between  cases  of  unusuaUy 
high  expansioD-coeflicient  iu  a  vapour,  and  cases  where  chemical 
•Iteration  takes  place.  It  will  also  be  potaabie,  by  the  employment 
of  a  pennaoent  gas,  to  obtain  vapoup-densitiea  of  oompotiiMla  wbioli 
will  not  bear  boiling  without  undergoing  deoompositioo. 

In  experimenting  upon  eubstances  \irhicfa  may  be  heated  above  the 
bniling;-point,  the  author?  employ  Gay-Lussac's  process  for  taking 
the  specific  gravity  of  vapours.  A  slight  modification,  however,  is 
necessary.  Previous  to  the  introduction  of  the  bulb  containing  the 
weighed  substance,  dry  hydrogen  is  introduced  into  the  graduated 
tube  and  measured  witti  all  tlie  preeantiont  belonging  to  a  gas  ana- 
lysis. It  will  be  obTions  that  in  the  subsequent  oaUmlatton  tiie 
volume  of  hydrogen  corrected  at  standard  temperature  and  pienuie 
must  be  subtracted  from  the  volume  of  mixed  gaa  and  vapOV«  ds0 
corrected  at  standard  temperature  and  iircssurc. 

When  the  substance  will  riot  bear  heating  to  its  boiling-point,  the 
authors  employ  a  process  reaemhling  that  oi  Dumas  in  principle,  but 
differing  very  widdy  finm  it  in  detail.  Dnmaa'a  flask  with  drawn* 
out  neck  ia  repkeed  by  two  bulbs,  together  of  about  900  cub.  cent, 
eapaci^,  jcdned  by  a  neck,  and  terminating  on  cither  side  in  a  nar* 
row  tube.  One  of  the  narrow  tubes  has  some  very  small  dilatations 
blown  upon  it  {h),  the  other  is  merely  bent  (D).  (See  Plate  V.  fig.  6.) 
The  ajiparutus,  who^e  weight  should  not  exceed  70  grms.,  is  weighed 
in  dry  air,  then  placed  in  a  bath,  being  secured  by  a  retort-holder 
grasping  the  neck  joining  the  large  bulbs  C  and  C.  The  end  A, 
projecting  Over  the  one  side  of  the  bath,  is  made  to  oommunicate 
with  a  hydrogen  apparatus ;  the  end  D  passes  through  a  hole  in 
the  opposite  side  of  the  bath,  which  is  plugged  up  water-tight  by 
mrnTT?  of  pnttv.  Dry  hvdropen  is  transmitted  through  the  whole 
arrangement,  and  escapes  ut  D  through  a  long  narrow  tube  joined 
to  it  by  a  caoutchouc  connecter. 

1  he  butU  next  ^ecl  with  warm  water  until  the  bends  a  and  a 
are  covered*  The  .connexion  with  the  hydrogen  apparatus  is  then  fae 
a  moment  interrupted*  to  allow  of  the  introduction  of  a  small  quantity 
of  the  substance  at  A.  The  substance*  which  should  not  more  than 
half-fill  the  small  bulb  h,  is  partially  vaporized  in  the  stream  of  hydros 
gen,  and  in  that  state  jmsses  into  the  part  C  C.  All  the  while  the 
temperature  of  the  bath  is  kept  uniform  throughout  by  constant 
stirring,  and  made  to  rise  very  slowly.  When  within  a  few  degrees 
of  the  temperature  at  which  the  determination  is  to  be  made,  the 
current  of  hydrogen  is  almost  sti^>ped,  so  that  the  bulbs  C  snd  C 
may  contain  less  vapour  than  will  fully  saturate  the  gas  at  the  tem- 
peimture  of  seating.  The  water  of  the  bath  is  then  made  to  sabnde» 
by  opening  a  large  tap  placed  near  the  bottom.  The  bends  a  and  a 
are  thus  exposed,  the  bulbs  CC  remaining  covered.  ImjuccJiately 
the  current  ol  hydrogen  has  been  stopped,  the  fiameis  applied  at 
a  a,  so  as  to  seal  the  apparatus  hermetically.  The  temperature  of  the 
bath,  as  well  as  the  height  of  the  barometer,  must  now  be  observed. 
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After  being  cleaned,  the  apparatus  (which  now  consists  of  three 

r>rtioa8,  viz.  the  ]K>rtion  C  C  hermetically  sealed  and  the  two  endt 
and  D)  niut  be  weiglied. 

llie  caiiMifcf  of  the  apparatut  te  feand  by  fiUan^  it  eomplefeely  with 
water  ind  weighing ;  but  previously  to  this  operation  the  volume  of 

hydrogen  enclosetl  at  the  time  of  sealing  must  he  found.  On  brcak- 
iu'Z,  one  extremity  under  water,  the  water  will  rise  in  the  bulbs,  and, 
after  a  while,  will  have  absorbed  all  the  vapour,  but  will  leave 
the  hydrogen.  The  bulbs  mu»t  then  be  lifted  out  of  the  water, 
witiiottt  eltitring'  their  temperature,  and,  with  the  water  *that  hat* 
entered,  weighed,  'llie  difference  between  the  latter  weighing  and 
the  weight  of  the  bulbs  quite  full  of  water  gives  the  weight  in 
grammes,  which  expreetes  in  cubic  centimeters  the  volume  of  hy- 
droaren  enclosed  ;  the  pressure  is  the  height  of  the  barometer  minus 
the  column  of  water  which  had  entered  the  bulbs ;  the  temperature 
is  that  of  the  water.  i 
An  example  of  a  determination  of  the  vaponr-deuity  of  alcohol 
at  80°  O.  bdow  ite  boiling  point  is  lubjoined  ^— 

Height  of  the  barometer  (at  0°  C.)    763*09  millims. 

\      TemperHture  of  the  balance  case   : .  7°*5  C. 

Weight  of  apparatus  in  dry  air   69*959  grmt. 

Temperature  at  time  of  sealing   48^  C. 

Weight  of  apparatus  -I- hydrogen+ vaiMmr. .    C9*5d75  gnns. 

Weight  of  apparatus  +  water  (at  5°*2  C). .  191*76  grms. 

Weight  of  apparatus  filled  with  waUr. « . .  545*36  grms. 

Height  of  water  column    122  millims. 

From  which  is  deduced— 

Volumes  corrected 
at  0^  C.  and  760  millims.  pressure, 

cubic  centimeters.  GnUf 

lfydiogeD+ vapour   406*43   weighing  0*1695 

Hydtogen   841'27        „  0'0106 

e5*16  0*1389 
Therefore,  65*16  cub.  cent,  of  alcohol-?apoar  weigh  *1969 
bnt  65*16  enb.  cent,  of  air  weigh   *0848 

Vapou^density  of  alcohol  =         s  1-648. 
^  '  •0843 

The  autiiors  have  extended  their  experiments  to  acetic  acid  and 
otiier  substances.  At 'low  temperatures  the  vapour-density  of  acetic 
acid  approximates  to  4<X),  no  matter  how  much  hydrogen  be  em- 
ployed. At  higher  temperatures  an  approximation  to  2*00  is  ob- 
tained, but  without  hentiii  *^  so  high  as  Cahours  found  necessary. 

The  authorsare  continuinj^these  researches. — FromtktProQwiingt 
of  ihe&oytU  Society  o/  Edinburgh,  January  21,1  S61. 
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LXL  Oh  a  Law  of  Liquid  Expansion  thai  comiects  the  Volume  of 
a  Idquid  with  its  Ten^erature  and  with  the  Density  of  its  satu» 
rated  Vapowr*   Bff  John  Jakbs  Watsbston*,  Esq. 

[With  a  riute.] 

§  1.  TN  the  archives  of  the  Royal  Society  for  1852,  tlicie  is 
-L  an  account  of  obsen'ations  on  the  density  oi  liquicU 
and  their  superjacent  vapours  at  high  temperaturiis,  made  in  sealed 
graduated  tabes  filled  with  the  same  li(^uid  in  different  propor« 
lions  of  their  volamei.  The  general  kw  of  dennty  in  attarated 
vaponra  dednoed  from  these  obsemtions,  and  from  the  Tariona 
obser?ation8  of  vapour-tensbn  already  pablished  by  other  nhy- 
sicists,  is  therein  set  forth,  with  the  aasistanee  of  a  ehart  (No.  2 
ehart)  in  which  the  observations  are  all  projected^  and  lines 
drawn,  that  enables  the  eye  to  judge  of  the  accordance  between 
theory  and  observation.    (See  Note  A.) 

An  account  of  this  general  law  is  also  given  in  the  Phlloso* 
phical  Magazine  for  March  1858,  in  a  paper  entitled  ''On  the 
Evidence  of  a  Graduated  Ditference  between  the  Thermometers 
of  Air  and  Mercury  between  0^  and  100  C." 

By  the  same  mode  of  observing  in  sealed  graduated  tubes,  I 
afterwards  extended  the  observations  up  to  ihv  trauisition-point 
of  three  of  the  lu|uid»,  \u.  alcohol,  ether,  and  sulphate  of  carbon, 
and  found  that  the  law  of  vapour-density  was  uiuintaincd  in  them 
without  deviation  to  their  extreme  limiting  tcmperatares.  As 
these  extensive  series  of  observations  supplied  the  eurves  of  ex* 
pansion  of  the  three  liquids,  I  have  occasionally  tried  bv  means 
.  of  them  to  discover  a  general  law  of  liquid  expansion.  I  snbmit 
4he  following  account  of  the  last  attempt  of  this  kindi  as  it  ap- 
pears to  be  sacoessfol. 

*  Ck>nimuiiicat6d  by  the  Author. 
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§  2.  The  curves  of  expansion,  drawn  to  u  larp:r  nnd  distinct 
scale,  were  examined  by  the  following  graphical  process: — At 
four  or  tive  points  nearly  equidistant,  tangents  were  drawn 
(carefully  judging  of  the  direction  to  be  given  to  the  straight 
edge  by  the  sweep  of  the  curve  to  the  right  and  left  of  the  point 
of  contact).  Thus  were  obtained  several  values  of  the  quotient 
of  the  differential  of  volume  hy  the  volume  or  proportionate  dif- 

ferentiala  for  conBtant  element  of  temperature  [^^^J  Theae 

were  set  oil  aa  oidiuates  to  the  temperatures^  and  the  curve 
drawn  througb  the  points  appeared  to  be  tlie  common  efoikteral 
hyperbola^  having  one  asymptote  coinciding  with  the  axiaof  tem* 
peratore  and  the  other  perpendicular  to  it,  and  interMctmg  it  at 
a  temperature  [7]  that  evidently  was  above  the  trantition-point. 
If  this  were  the  case,  the  product  of  the  coordinates  to  each  point 
^  the  earve,  reckoning  from  the  point  7  as  origin,  ought  to  bo 
oonrtant  [^p];  and  accordingly  it  was  found  that  when  the 
inverae  <^  the  quotients  ware  projected  as  ordinates  to  the  tem- 
peratures, the  points  ranged  in  a  straight  line,  which  being  pro- 
ducedf  cat  the  aiia  in  the  point  7*  The  difoential  equation  is 
thus 

dv  y—t 
the  intsmtion  of  which  is 

in  which  *=(^— /)  when  (See  Note  B.) 

§  8.  There  is  a  relation  between  this  expression  and  that  Ibr 
tatnrated  vapour-densifty  which  seems  to  prove  that  it  is  not  em- 
pirical, but  the  true  exponent  of  the  physical  condition  of  the 
mol  ccules  of  a  body  in  the  liquid  state*  Tbe  folbwing  is  a  state- 
nient  of  it. 

In  the  papers  above  referred  to^  there  will  be  found  an  account 
of  the  law  of  saturated  vapour-density,  and  the  proofs  on  which 
it  rests.    It  is  expressed  by  the  equation 

If  we  put  A=  ~9  the  law  of  liquid  density  is 

} 

On  comparing  the  constants  for  different  liquids^  I  find  as  a 
general  mle  that  tho  quotient        constant  quantity  [E] . 
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That  for  Alcohol  my  obwrvatiou  give  Ek1717 
„  Ether  „  „  Esl789 
„     Siil{ihate  of  carbon    i,  Es:1725 

M.  Muncke's  observations  on  sulphuric  acid  from  50°  to  2^0°  C. 
E«1600  to  1800.  (See  Note  0.)  MM.  Bulong  and  Petifa 
observatioiis  on  the  expansion  of  mercury  between  (r  and  800^  0. 

give  pa  p^^*  passing  through  M.  Avo|adro'a  oh* 

aenrationa  on  the  -Tapoor  of  mercury  from  280Pto  80C^  C.  givea 
A=1160.  These  combined  give  Eal727.  I  bare  adopted 
1717  aa  the  nearest  probable  value  at  present^  because  the  moat 
luboar  was  bestowed  on  the  alcohol  series  of  obaervationa. 

These  valnea  of  E  are  derived  from  EagUsh  measures  of  prea* 
sure  and  temperatore,  vis.  inches  of  mercury  and  degrees  of 
Fahrenheit  scale.  The  value  of  this  constant  derived  from  French 
meaaorea  ia  F=:504*44^  which  corresponds  witk  Ess  1717.  The 

ratio  of  redaction  ia  a^  § "j^ (^~~^ *o  that  EaasF^ 

Fal»*70282' 
loglsO'53195 

^4.  M.  Regnault's  observations  on  the  tension  of  the  vapour 
of  mercury  from  low  temperatures  up  to  200*^0.,  respond  to  the 
same  value  of  h  as  those  at  the  higher  temperatures  by  M.  Avo- 
gadro,  but  with  g  augmented  12  degrees,  showing  a  boiling-poiut 
12  degrees  higher.  It  is  remarkable  that  M.  Kegnault's  ohser- 
▼ationa  on  the  expansion  of  liquid  mercury  difoa  ao  fiur  from 
those  of  MM.  Dolong  and  Petit  aa  to  be  repieaented  with  p^  } 
and  E3s870*  At  300^  C.  thia  diffeienoe  amounta  to  about  the 
equivalent  of  8|°  C.  The  acceleration  of  the  rate  ci  eipanaion 
ia  in  M.  Regnault's  observations  only  one-half  what  is  shown  by 
those  of  MM.  Bnlong  and  Petit.  (See  Note  D.)  This  is  a  re- 
markable dtsdepancy,  both  being  ao  eminent  in  thia  elaaa  of  ob- 
Bervations. 

§  5.  In  all  cases  I  have  worked  with  temperatures  reduced  to 
the  air-thermometer  by  scales  of  rorrcction  computed  from  the 
formula  given  in  Appendix  111.  to  the  paper  ui  the  Philosophical 
Magazine  for  iMiireh  1858  above  retened  to. 

The  formula  1:4  founded  on  MM.  Duloug  and  Petit's  observa- 
tions. I  annex  exact  tracings  of  these  scales  (Fiate  VI.).  In 
two  cases  (petroleum  and  sulphuric  acid)  the  temperatures  were 
taken  uncorrected  and  compared  with  the  results  when  corrected. 
In  both^  the  differences  between  theory  and  observation  weae 
leas  wImii  the  temperatnrea  WC9»  eormted. 

2Dd 
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It  11  not  abaolatdy  necessary  to  eonreet  tlie  tetnpenitares  in 
order  to  recogoue  these  laws  of  density,  and  for  practical  par« 
poses  may  not  be  required;  but  it  seems  best  to  aceostom  oar« 
selves  to  do  so^  in  order  to  be  prepared  for  the  recognition  of  ^ 
any  other  relations  of  harmony  that  may  ejdst  in  the  thenno- 
molecular  physics  of  different  bodies. 

§  6.  Water  is,  as  might  1)p  expected,  an  exception  to  the  law 
of  liquid  density,  as  it  is  to  the  law  of  capillarity  and  compressi- 
bility (see  papers  by  M.  Grassi  and  M.  Simon  in  the  Annales 
de  Chimie).  I  have  traced  its  curve  of  expansion  by  observations 
in  scaled  tubes  up  to  210''  C.  air-thermometer  (see  iSoteK  i,  and 
projected  the  densities  to  the  value  of  p  required  by  its  vapour- 
gradient;  also  those  of  M.  Bespretz  from  C  to  100**  C;  but 
they  do  not  conform  to  the  line  required  at  any  point  of  its 
Jrange  eren  at  the  highest  temperature.  These  abnormal  features 
in  this  first  of  liqnids  have  had  a  prejudicial  effect  on  the  pro- 
gress of  science  in  this  department  There  is  no  other  liquid  as 
yet  found  with  snch  point  of  maximum  density  that  remains  n 
liqaia  under  its  maximum ;  yet  such  a  point  seems  invariably  to 
be  sought  for.  M.  Mnneke  and  M.  Pierre  have  bestowed  much 
unavailing  labour  on  this  question.  (See  Note 

§  7.  To  determine  the  constants  of  these  two  equations  for 
the  density  of  the  liquid  and  of  its  vapour,  not  more  than  four 
exact  observations  are  strictly  required;  two  of  the  vapour^  and 
two  of  the  liquid. 

If  the  scries  of  observations  on  the  dilatation  of  a  liquid  extend 
over  a  considerable  range  of  temperature,  and  have  had  their 
inequalities  equalized  by  graphical  processes  equivalent  to  weigh- 
ina:  by  the  method  of  least  squares,  the  three  constants  of  the 
equation  may  be  directly  determined. 

Thus  let  be  the  three  temperatures,  and  tu,  the 

conesponding  volumes  observed^  to  find  p  and  k  we  luive 

which  may  be  solved  by  trial  and  error.    But  few  observations 

as  yet  puolished  will  stand  this  test,  the  range  of  temperature 
being  too  small,  and  the  irregularities  proportionably  too  great. 

5  ^-  ^  simph'  ;in(l  satisfactory  way  to  test  both  of  these  laws 
of  density  by  published  observations,  is  to  take  two  of  the  vapour- 
tensions  not  far  from  the  boiling-point  and  compute  the  value 
of  h.  Ex.  gr.,  let  e^,  be  the  two  observations  of  the  pressure 
■of  vapour  111  eontacL  with  its  geueratiiig  liquid;  Tq,  T|  the  cor- 
responding temperatures  by  air-thermometei'  reckoned  £rom  the 
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ecro  of  gaseous  tension  [—461°  F.or  —  273'^-89  C] ;  tiien  we  have 

aud  since  ^=      we  obtain  the  index  of  the  power  of  the  den«itj 

of  the  liquid,  whidi  being  set  off  Mordinates  tothetempenitttre« 
ought  to  range  in  »  straight  line ;  and  this  line  piodttced|  cats 
the  axis  of  temperature  at  y.   If,  when  these  points  are  con* 

nectcd  by  distinct  lines,  a  general  convexity  in  the  range  can 
be  discovered,  viewinp:  it  foreshortened  ^itli  the  eye  close  to  the 
plane  of  projection,  then  we  may  infer  tliat  p  requires  to  de  di- 
minished if  the  convexity  is  directed  upwards  from  the  axis  of 
temperature,  and  vice  versd. 

§  9.  Having  found  p  and  k  and  y,  the  next  step  is  to  compute 
the  values  of  t  from  the  vohinies  by  the  equation,  and  tabulate 
the  diiTerencts  between  the  computed  and  observed  temperaturea. 
This  will  be  found  attended  with  but  little  additional  labour.  If 
we  now  project  these  differenoes  as  ordinates  on  an  exaggerated 
scale  to  the  temneratnres,  we  obtain  a  distinct  impression  of  how 
far  theory  and  observation  accord. 

$  10.  Mercury  and  alcohol  being  the  most  important  liquids 
for  thermometric  purposes,  may  serve  as  examples  of  the  mode 
of  computation. 

I.  Mtreuty* 

M«  Avogadro's  observations  on  the  tension  of  the  vapour  of 
mercury : — At  260^  C.  the  observed  tension  was  133*62  millims.^ 
at  290°  it  was  252*51  millims.  The  correction  to  reduce  the 
temperatures  to  the  air-thermometer  from  the  scale  is  6°*60  at 
260^  and  n^-Ol  at  290^.  Tlencc— 

260-5  r>0  +  273-89  =  528  29  =  To,    133-62  millims, 
290-6-91  +273-89=556-98=Tp    252*51  millims.  =c, ; 

and  we  arrive  by  computation  at  log  A =2*54796  and  5r= 247^*45. 

[I  have  computed  the  tem])eratares  for  M.  Avogadro's  other 
six  observations.   The  computed,  minus  the  observed^  is,  at 

300=  +0*15 
290s  0 
280s:  +0-42 
270s -0*26 
260s  0 
250=— 0-26 
240= -1-90 
230= -4*56 

ss  difference  in  tension  amounting  to  one-third  inch  mercury.] 
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This  valne  of  h  being  dertved  from  French  measni^t,  ii  to  be 

applied  to  F  to  find     which  thus  comes  oat  1'4284« 

The  followiog  are  MM.  Dolong  and  Petifa  volnmea  of  mer- 
ouy  computed  with  thia  index  :— 

Tmma  Inverse  of  ▼olnnies 

Tolmaet.     niied  to  tiie  power     Fifst  Second 
tAir.'  lsl*4284.      diffeienees.  differeBoes* 


o 


0    1000000        1000000  .noKiQK 
100    1-0180180         -974815       .norniq  000028 
200    1-0368664        -949602       "^ittit  0000:^3 


aoo    10566037  -924366 


*0252d6 


The  second  differences  indicate  a  slight  convexity  in  the  line 
npwarda*   Thia  shows  that  -  reqoirea  augmentation.  The  fol- 
lowing  ia  the  xeault  of  .computing  the  aame  observationa  with 
1*489:— 

P 


0  1*000000 


First  diff.      Second  diff. 


100  -973760  -000001 
200  -947521  nofioal  '000005 
800  •921287 

To  find  7,  we  have  1-0-94762.1 : 200°: :  1 : 3811^05=7, 

and  |^?^j^^y^=A=ior{381105-/K^^^ 

Thia  expresses  MM.  Dulong  and  Petit's  observations  with  a 
difference  at  100'^  araouDting  to  -nAnr^  ^  *  degveejandat80(y 

the  difference  is  ^^th  of  a  degree. 

§11.  To  bring  the  D  of  the  vapour  formula  to  the  same 
standard  as  the  A  of  the  Hquid  formula,  it  is  requisite  to  change 
the  value  of  h  in  tlie  one  and  k  in  the  other^  so  that  the  weight- 
in  grains  of  a  cubic  inch  of  either  may  be  indicated. 

Let  iy= -0216216  —  weight  in  gmins  of  a  cubic  inch  of  hy- 
drogen at  the  temperature  0^  C.  and  pressure  760 
milUms. 

5=  vapour-density  of  the  body  on  the  hydrogen  scale. 
Tss  temperature  (reckoned  firom  the  aero  of  gaseona  ten* 

sion)  at  which  the  pressure  of  the  saturated  vapouc 

ia  760  millims. 
/ftse  required  factor 
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By  the  fonnuia^ 

^=6ir-28, 

also  5=101;  hence /iAs^^^,  and  log  /iA=2'56247.  Thus 
we  Qbtain 


rT~247'45V_ 


the  general  apnsbn  for  the  weight  in  grains  of  •  oabic  iaek 
ol  the  satoratea  vapour  of  mercury  at  1?  (C.  A.  G«)>  temperataie 
xeekoned  by  Gentigrede  Auwthemometer  tem  tibe  ieio  of 
Qaseous  tension. 

§  12.  The  weight  oC  e  pubic  inch  of  merawy  at  (f  it  8754*4 
gnunsi  henoe 

8754-4     r8811'05-(T-g78'89)"^  riiS ; 
e         L      Mx  381105  J 


(1        \  1'488 


I 


/881 1*05  -  (T  -  273-89)  1 
t"^     [8-25857]  '/ 

the  weigbt  of  a  cubic  inch  of  meieiiij  in  gime  el  T° 
(C«  A.  G.  temperetore). 

We  may  thus  find  the  tempmtoie  at  which  td^Vf,  or  that  at 
which  fiqiiid  and  vumnr  woiild  be  of  equal  denaiW  if  the  kwe 
were  maintained. 

With  aleohol,  ether,  and  sulphate  of  oarbon,  transition  ocoufb 
A  few  degme  below  the  theoretical  teropeietaie  of  equal  daniity. 

5  18.  M.  Regnault's  observed  tensions  of  saturated  vapour : — 
At  40*^  C.  the  tension  is  134.-1  millims. ;  at  70"^,  589-2  millims, 

40+0-48  +  273  89  =  3]  1.-37  C,  A,  G.  5^To\k)gA=  2-15392 
rQ+0-41+27d-89«344-80  tsTj  |;«1907a 

i=|=  8-5899 

Thia  pivea  78^*88  G.  A.  m  boiling-point  at  pressure  760  miDiBis. 
M.  Pierre^s  observations  on  the  expansion  of  alcohol  weie  made 
on  a  specimen  that  boiled  at  78'^'63  G.  A.  under  presauie  758 
millims.,  and  its  specific  gravity  at  0°  was  0*815L 

The  following  are  his  second  aeries  of  observations  eempnted 
with  the  above  inder,  8*5892 1— 
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C. 


C.A. 


V. 


(1) 
(2) 
(8) 
(4) 

(5) 
(6) 
(7) 


33-46  +  0-47«im8 
47*62 +0'6l84Cl*06 
60*88+0*51 s50*84 
66*26+0*60s66-76 
60*41 -f0*48=:60-89 
73-70  4- 0-38  =  74  08 
76*78+0-85877*08 


Computed 
Iraui*  ouBtti 
•■WW  ooMTved 
Ump* 

+0*21 
0 

-019 
-0*25 
+0O8 

0 

-0*27 


108714  '87890 

1*05356  -88140 

105676  -82248 

1-06416  -80246 

1*06989  -78736 

1  08780  -74238 

1*09168  -78810 

The  oompQtcd  densities  (*87890,  &c.)  set  off  es  ordiottes  to 
the  tempetatttreBy  show  a  trend  without  any  appeavanee  of  vurVa* 
ture.  The  straight  line  seems  to  pan  exactly  through  the  points 
of  ibe  second  and  fifth  and  sixth.  Aasuming  it  topaaa  through 
the  aeeond  and  tizth^  we  have 

•88140--742888-08902 : 74''-08-48^-08s26°-05 : :  -74288 : 217-84;, 

and  74  08  +  217'24=291°-32=7.  This  hue  gives  unity  volume 
at  — 1**'30,  hence  j^aas292*62=sy— /  when  volume  equal  unity, 
andtheeouatiouia(29r-d2-l}a*''*»s292-mB.  The  differaicea 
hetween  the  observed  temperatures  and  those  oomputed  from  the 
observed  Tolumes  bjr  this  equatioii  are  given  in  the  last  column. 

§  14.  This  equation  answers  well  to  the  observations  of  If. 
Pierre  above  10^ ;  ahio  to  those  of  M,  Muncke  (St.  Peters- 
burgh  Memoirs)  above  the  same  temperature ;  but  in  both  the 
trend  of  the  points  below  this  lies  in  a  line  inclined  to  that  of 
the  equation.  The  divergence  is  the  greatest  in  M.  Pierre's.  In 
neither  is  it  a  general  convexity,  but  distinctly  the  contour  shows 
two  lines  diverging  from  about  15°  to  20  C.  This  is  most 
distinct  in  M.  Muncke's  observations.  T  have  computed  them 
by  the  above  equation,  and  tabulated  the  ditfercnrcs  between  the 
observed  and  computed  temperatures,  which  are  bet  ofi'  in  PL  VI. 
fie. 3 as ordumtes let  the  temperatures  on  ten  times  the  natural  scale. 
Above  these,  in  fii,.  2,  M.  Pierre's  differences  are  set  otf  to  the 
same  scale,  and  ui  lig.  1  the  tliilVreuces  in  my  series  of  observa- 
tions on  alcohol,  described  in  the  paper  above  referred  to  as  being 
in  the  archives  of  the  Royal  Socie^.  This  alcohol  was  not 
absolute ;  it  had  19  per  cent,  water,  and  the  index  of  ita  power 
derived  from  its  line  of  vapour-density  was  3*60;  also  7^290*89^ 
its209'8Ij  and  its  equation  (the  volume  being  reckoned  as  unt^ 
at  the  hoilhig  point) 

(290^-89-/)  t;»«"»=209^-81  C.  A.  G. 

§  15.  The  deflection  in  M.  Pierre  and  M.  Muncke's  obscn*a- 
sious,  it  will  be  remarked^  occurs  m  those  below  atmospheric  tern- 


Digitized  by  Google 


thai  emmeeiM  ihe  Voktme  4ifa  Uqtui  with  it$  Jhnperaiun,  409^ 


])eratnre'5,  where  the  reduction  of  temperature  had  to  be  artifici- 
ally protiuctd  by  mixtures  of  broken  ice  and  muriate  of  liiiie,  and 
it  represents  the  temperature  of  the  mercury  to  be  higher  than 
that  of  tlic  alcohol.  This  is  precisely  what  took  place  in  some 
observations  I  made  on  the  contraction  of  ether  about  20°  below 
the  fttmospheric  temperatafe.  A  eimilar  defleetioiij  but  in  t 
greater  degree^  appears  in  the  ether  observations  of  the  sam^ 
authors.  They  are  projected  in  figs.  5  and  6  to  the  same  scale 
as  the  others.  (See  Note  G.) 

The  applieation  of  cold  to  maintain  a  constant  temperature  ii 
by  no  means  under  the  same  command  as  the  ap|Mication  of 
heat;  and,  besidesy  conductibility  is  very  much  reduced  at  low 
temperatures.  There  is  an  evident  dislocation,  the  law  of  con- 
tinuity i:^  broken,  but  it  is  at  the  part  of  the  scale  where  the  mode 
of  obervation  underwent  a  chani^e.  T  submit,  therefore,  that 
the  verdict  should  be  against  the  observations  nt  the  lower  tem- 
peratures, not  against  the  law  of  expansion,  which,  if  in  fault, 
would  cause  the  trend  of  the  points  to  have  a  general  curvature 
throughout  the  range. 

In  judpnng  of  the  evidence  afforded  by  these  graphical  projec- 
tions, it  should  be  kept  in  view  that  the  vertical  scale  maguilies 
the  amount  of  the  differences  tenfold.  The  accordance  of  theory 
with  obamation  is  in  some  eases  remarkable.  Thus,  for  40^ 
Moncke's  alcohol  and  Pierre's  ether  do  not  shbir  a  difference 
greater  than  one-sixth  of  a  degree.  We  have  also  to  keep  in 

mind  that  the  power  -  that  reduces  the  densities  to  a  straight 

trendy  is  not  arbitrarily  assumed  to  suit  a  particular  series  of  ob^ 
servations,  but  that  it  is  determbed  ajmari  from  the  vapour. 

If  we  take  any  other  value  of  -  but  that  which  is  thus  deter- 
mined, the  graphical  projection  of  the  computed  densities  shows 
a  general  bend.  If  -  is  too  great,  the  bow  is  turned  downwards; 
if  too  small,  the  bow  is  turned  upwards.  The  string  of  the  bow 
only  makes  its  appearance  when  the  value  of  -  is  that  deduced 

from  the  gradient  of  vapour-density  above  described. 

§  IG.  The  time  has  not  perhaps  yet  arrived  for  deducing  thesA 
laws  of  density  from  the  dynamical  theory  of  heat ;  but  if  we  are 

ever  to  arrive  at  a  conception  of  the  true  ultimate  natm'c  of  mo- 

Iceiilar  force,  it  seems  clear  that  the  inductive  path  of  least  difficult 
approach  (if  not  the  only  one)  is  that  which  sets  out  from  the  study 
of  the  gaseous  statCj  and  proceeds  by  way  of  that  of  the  equili- 
brated condition  of  saturated  vapours  in  communication  with  their 
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^aerating  liquids,  to  tlie  moleculnr  coiiLlition  of  the  liquids,  where 
the  dynamic  condition  of  the  clieuucai  elemeut  is  coubtrauied  by 
the  cohesive  force ;  and  tlie  struggle  in  which  this  dynamic  force 
is  gndnalbr  mbdued  by  the  inereaie  of  tempenitiire  is^  as  now 
nmtainecC  ropresented  by  one  quantitatifo  relation  throogbout^ 
ibal  seems  to  indicate  a  certain  simplicity  in  the  nitimate  recon- 
ditoprindple  on  whieb  molecular  foroe  is  based. 

We  knonr  tbat  the  physics  of  gases  conform  to  the  physics  of 
media  that  consist  of  j^crfectly  free  elastic  projectDes^»  Their' 
ftee  ooncoarse  and  perfectly  elaatie  recoil  determines  the  resola- 
tion  of  their  vis  viva  into  the  six  rectangular  directions  of  space ; 
and  it  is  this  number  that  probably  fixes  the  ratio  of  the.  propor- 
tionate increment  of  density  in  a  satumtid  vapour  to  the  corre- 
sponclniir  proportionate  increment  of  tcn]})L  lature  reckoned  from 
the  fixed  limit  ff.  But  ihv  ahsolute  iiici  cment  of  density  corre- 
sponding to  constant  iucrement  of  temperature  differs  in  aifFerent 
vapours,  being  ruled  by  a  gradient,  the  sixth  root  of  which  has  a 
constant  ratio  to  the  index  of  density  of  the  geneiatmg  lii^uid 
expressed  as  a  function  of  the  temperature. 

The  next  step  tbat  seems  witbin  reach,,  if  we  bad  a  few  more 
ebaenralions  to  woik  from,  is  the  disco? cry  of  tbe  rolatioQ  wbieb 
no  donbt  ensts  between  tbe  increase  of  raume  and  decrease  of 
latent  beat  or  capillarity  regarded  as  the  integral  of  cobesion. 
Tbe  density  and  tiic  capillarity  both  diminish  as  tbe  temperature 
lisea.  (See  Note  U.)  If  there  is  a  simple  law  of  quantitative  rela* 
tion  betvreen  them,  its  discovery  would  supply  all  tbat  is  now 
wanting  to  bring  the  dynamical  theory  of  beat  to  bear  upon  tbe 
nideeiuar  pbysica  of  liquids. 


Notes, 

Note  A.  §  1. — ^The  title  of  the  paper  is  "  On  a  General  Ijaw  of 
Density  in  Saturated  Vapours/*  illustrated  by  Chart  No.  2.  In  the 
Philosophical  Transactions  for  1S52  there  is  a  paper  with  the  same 
title,  illustrated  by  a  Chart  No.^l .  (This  paper  was  originally  seat  to 
tbe  Britkh  Assomation.)  In  Chart  No.  1  tbe  sixth  root  of  density 
Is  laid  off  as  ordinate  to  tbe  square  root  of  the  temperature  reckoned 
from  the  zero  of  gaseous  teosIoD.  In  Chart  No.  2  the  sixth  root  of 
density  is  laid  off  as  ordinate  to  the  temperatures  simply.  In  Chart 
No.  1  tlic  iinea  appear  straight  at  the  upper  part  of  their  course,  but 
with  an  increasing  flexure  at  the  lower  part  of  the  range  convex  to 
axis  of  temperature.  Also  there  is  no  relation  of  harmony  apparent 
between  them.  In  No,  2  Chart  (of  which  a  tracing  is  to  be  found  in 
the  archim  of  the  Bi^al  Society  for  1852-58)  the  lines  are  straight 

*  See  paper  "On  the  Physics  of  Media  that  consist  of  perfectly  clistie 
Moleeules  in  a  state  of  Motion/'  in  the  arcfalTes  of  the  Boval  Sodetr* 
1845-46. 
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throughout,  and  relations  of  paralellifim  appear ;  also  several  radiate 
from  tli«  Mme  point  in  tite  udi  ol  ten^eratttre,  Bliowing  that,  at  a ' 
general  law»  tM^Nwrt  m  coniaei  with  their  gmmuting  liqSie  hmwt  ut 
the  eame  temperatwn,  or  et  the  same  we^ent  tUjfereiiee  of  ten^erature^ 
ieeeitiee  that  hm  u  ceutext  rutio. 

Note  B.  §  2. — This  mode  of  e^raphical  analysis  seemR  a  natural 
mode  oi  operating  when  a  law  of  nature  has  to  be  unmasked.  If  the 
proporlioiiate  dtmrentiala  of  folnnio  liad  been  laid  off  aa  orffinates* 
not  to  the  i&mpe]:atiire,  but  to  the  Tolnme*  the  result  would  be  the 
loi^thniie  curve,  which  might  not  be  so  caay  to  recognize  with  only 
a  few  points  to  lead  from.  We  must  be  guided  in  the  selection  of 
the  coordinate  axis  by  the  causal  relation  of  dependent  phenomena. 
Heat  being,  as  it  were,  th©  instrument  of  action  in  molecular  physics, 
claims  the  preference  as  a  standard  by  which  to  measure  the  propor- 
tionate difierentials,  and  to  which  other  variables  may  be  referred  to 
at  eoordinata  axit.  At  an  example,  the  fbUowing  it  the  analytia  of 
the  law  of  tatorated  vapours  by  thia  process. 

The  vapour-tensions  being  divided  respectively  by  the  correspond- 
ing temperatures  reckoned  from  the  zero  of  gaseous  tension,  the  quo- 
tients represent  densities  of  satu  rated  vapour.  Setting  off  these  quo- 
tients as  ordinates  to  the  temperatures,  we  next  draw  the  curve,  and 
equalize  the  irregularities  as  far  as  possible ;  than  tdte  off  the  ordi- 
iialta  of  the  finlthod  curve  at  equal  intemda  of  tempentoro,  lay  10^ 
or  5^ ;  next  take  the  cUfierencet  of  adjacent  ordinates  and  divide  eaeh 

hj  the  intermediate  ordinate.    These  quotients,        are  to  be  laid 

off  as  ordimites  to  the  temperatures.  The  points  appear  to  range  in 
a  conic  hyperbola,  having  the  axis  of  temperature  as  an  asymptote. 
This  conjecture  is  to  be  tested  by  laying  off  the  inverse  of  these 
quotients  as  ordinates  to  the  temperatures.  The  conjecture  is  con- 
imed  by  the  points  ranging  in  a  straight  line  vrhich  cute  the  axb 

at  a  certain  temperature  g.  Hence  {t^g)/=  ^?  and  ^  =s /(j^^  Y 

»    1  > 

The  integration  of  this  gives  D=(f— Xjg,  in  which  H=(f— 

when  D=  unity ;  or  let  A/=H,  then  D/'=^lzZ^,    Comparing  the 

value  of/ in  different  v^Kiurs,  it  is  found  to  be  constant  fog  all  and 

equal  to  ^. 

As  another  example,  but  unconnected  with  heat,  we  may  inquire 
as  to  tiie  possibility  of  ascertaininj^  the  law  of  gravitation  from  the 
changes  in  the  moon's  apparent  size  and  motion,  its  actual  distance 
and  the  earth's  radiut  being  supposed  unknown,  but  assuming  that 
the  difficulty  caused  by  an  unknown  parallax  and  augmentation  of 
diameter  might  he  evaded  by  taking  lunar  dbtanoes  at  equal  altitudsa 
on  both  sides  of  the  meridian. 

By  observations  on  consecutive  nights,  while  the  diameter  is  in- 
creasing or  diminishing  at  the  maKimum  rate,  we  might  obtain  two 
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angular  Ydocitiet  and  two  mcasnrementi  of  diameter ;  benee  the  pro- 
portionate diferential  of  the  diameter  and  the  eonection  to  be  applied 

to  the  angular  velocities  to  reduce  them  to  the  same  radius.  We 

raijrlit  thus  obtain  the  velocity,  the  increment  of  vclority,  and  incre- 
ment of  distance  expressed  in  terms  of  r,  the  radial  distance  of  the 

moon  from  the  earth  at  the  middle  epoch.  Now  aince  —  ^Mv.  if 
ive  had  thete  aameqnaiitatiea  Ibr  different  values  of  ^  or  r,  and  pro* 

jected  the^  different  values  of  as  ordinates  tothe  coirespon* 

ding  values  of  r,  tlie  points  would  converge  iu  a  btraigiit  line  to  the 
zero  of  r ;  ami  U  an  approximate  paiaUax  was  obtained,  the  pouit 
oorresponding  to  the  value  of  2iNb  at  the  earth'ssuHace  wooM  fit  in 

and  confirm  the  propriety  of  the  projection.  If  it  is  a  question  what 
should  direct  us  to  this  particular  projection,  it  might  be  answered 
the  increment  of  squnre  velocity  is  a  square  quantity,  and  the  inverse 
form  of  function  is  applicable  to  a  power  depending  on  distance. 

Note  C.  §  d.-~The  longest  series  of  observations  on  the  expansion 
of  a  liquid  that  I  have  met  with  is  that  of  M.  Muncke,  on  sulphuric 
aeid  from —30°  to  4-280^0.  I  have  been  enabled  to  put  them  to  the 
test  by  the  IbOowing  equation  for  the  tension  of  itt  vapour,  vis. 

("^868  (English  measures).    In  this  the  value  o£  y=:3o4*7 

Is  assumed  to  be  the  same  as  that  for  steam,  and  for  the  vapours  of 

several  hydrates  of  sulphuric  acid  observed  by  M.  Re^nault,  and 
referred  to  in  §  1.  of  paper  in  the  Philosopliical  Magazine  for  March 
1858,   The  value  of  A(  =  1288)  is  derived  from  the  boihng-point. 

The  vilne  of  >  =  -r  ^  inverw  volumes  being  eoni» 

p  h 

puted  to  this  power,  and  laid  off  as  ordinates  to  the  temperatures, 
were  found  to  range  well  in  a  straight  line  above  30°.  The  line 
drawn  through  46^  and  220^  is  expressed  by  the  equation 

(1433'=>-2-f)i;^=1436°  l  C.  A. 

The  differences  between  the  temperatures  computed  from  the  volumes 
bv  this  equation  and  those  observed  are  laid  off  in  B<^.\1  (PI.  VI.)  as 
ordinates  to  the  temperatures,  the  scale  vertical  to  horizontal  being 
10  to  1. 

Hie  law  of  eootinuity  is  evidently  broken  at  about  40^  the  de« 
flection  being  similar  to  the  other  eases  referred  to  in  §4  14,  IS,  and 

probably  due  to  the  same  cause. 

Fig.  7  (Plate  VI.)  represents  the  differences  of  Munclce's  observi^ 
tions  on  petroleum  projected  in  the  same  way.    The  equation  is 

(489°*3-0  v'^'*=489°-5  C*. 

in  which  i  S5  2*14  has  been  deduced  from  Ure's  observations  on  the 
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vapour  of  petrokani.  It  is  unlikely  that  the  liquids  were  exactly  the 
Mme.  A  Might  eonvexity  directed  upwaitb  is  Appsrent  in  the  trend  of 

tiie  points,  which  asmaU,  augmentation  in  A  would  correct. 

P 

N9U  D.  9  4^M^  Regnanlt  stands  so  high  as  an  authority,  that  an 
cnror  in  his  ohsermtions  that  can  be  desriy  demonstiated  from  in^ 
ternal  evidence  it  of  importaaoa  to  science.   Erroneous  obseivatioas 

from  eminent  obsen'ers  nre  ?erioiis  obstacles  to  progress,  as  are  un- 
sound dedoctioni  from  eminent  men  of  science.  They  are  weeds 
difficult  to  root  up,  c\nd  the  attempt  to  do  so  is  a  task  80  ungcacious 
and  so  irreverent  as  to  incur  every  discouragement. 

The  projection  of  M»  Reniault's  ohservations  on  the  tension  of 
steam  above  and  below  lOCP  C.  is  given  in  fig.  8.  The  dotted  line 
represents  the  empirical  formula  which  had  to  be  altered  at  10Q^« 
the  point  at  which  the  method  employed  in  making  the  observations 
was  changed.  They  are  projected  with  temperatures  uncorrected,  in 
the  manner  described  in  §  1  of  paper  in  the  Philosophical  Magazine 
for  March  lb58,  and  tliey  are  orthographically  foreshortened  as  de- 
scribed in  the  latter  part  of  §  4.  See  also  §  6,  and  Appendix  I.  of 
the  same  paper. 

The  qnestion  to  esk  ourselves  when  looking  at  the  figure  8  is.  Do 
the  points  conform  to  the  law  of  continuity  ?  Is  their  trend  not  clearly 
broken  at  100°?  To  put  a  series  of  observations  to  the  test  of  this 
law  can  always  be  done,  but  it  is  attended  with  consiekrable  labour, 
and  seems  to  require  a  speciality  different  from  that  which  charac- 
terizes the  eminent  observer  and  experimentalist. 

Note  E.  §  6. — The  following:  are  those  observations  in  series  alonp 
with  those  of  M.  Despretz,  both  equalized  graphically  by  elaborate 
processes,  and  the  temperatures  corrected  and  reduced  to  the  air- 
thermometer.  My  observations  from.  100°  up  to  212  ¥.  agree  so 
wcU  with  M,  Despretz's,  that  those  at  the  higher  temperatures  will,  I 
think,  be  found  nearly  correct,  although  there  was  some  uncertain^ 
in  consequence  of  absocption  by  corrosion  of  ^ass. 
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ThB&Xkommg  is  anextrict  fitom  note-book  of  the  experiamto^-* 

"  The  observations  on  pure  distilled  water  could  only  be  made  up 
to  305°  F.,  in  consequence  of  the  gliisif  beinGr  corroded  and  becoming 
opake  above  that  temperature.  At  the  higher  temperatures? ,  five 
tubes  were  employed  witii  water  having  ^  of  carbonate  of  soda  in 
aolutioa.  TWo'  onlj  of  tlwte  five  were  raffidently  ttansparent  up 
to  418^.  But  on  limining  them  next  day,  ^ifjjth  of  the  Tolnme  oC 
liquid  was  abtorbed*   This  allowed  for. 

"  The  expansion  of  the  solution  rather  less  than  pure  water.  The 
corrosion  of  the  ^Irss  hen^in  immedintely  nbove  the  surface  of  the 
liquid.  The  vapour  was  computed  from  formula*  atsumiog  the  law 
of  vapour-densi^  maintained." 

KU9  F.  i  6^M«  Mundte  ond  M.  Piem  bm  employed  tiw  goMnl 
lamula  l+^»l+«r+6a:'H-c9i'*  &o.  to  tipiCMnt  their  oMtrmr 
tiona,  and  hare  computed  the  constants  for  each  series.  They  have 
also  sought,  by  means  of  the  roots  of  this  equation,  to  find  points  of 
maximum  density  of  each  liquid  beyond  the  range  of  their  observa* 
tions.    Thus  M.  Pierre,  at  p.        vol.  xv.  Ann.  de  Chim.,  expresses 

lumtelf  as  follows:--*' . . .  .poiaqoel'^quatioii  ^(^"^'^  dont 

ks  moliMi  MNRf  doiuNr  In  temp^nitim  dooenundaittm,  n  sasdetix 
mdbm  inngtnairts." 

I  hnvn  trnoed  graphically  the  curve  of  the  equation  and  of  the  ob- 
servations, Rnd  find  that  its  course  throiij^h  them  is  similar  to  fig.  8, 
interlacing  at  the  fixed  points,  and  departing  altogether  from  the  line 
of  observation  beyond  the  extreme  points  to  which  it  is  bound  down. 
The  positive  and  negative  differences  at  the  loupb  sometimes  amount 
to  1  degree.  A  eonie  leetion  may  be  drawn  to  represent  afanost  per> 
feeUy  a  series  of  observations  if  the  range  is  not  preaL  ThehypoMn 
answers  well,  and  can  be  simply  appli^  as  tiie  increasing  rate  of  ex- 
pansion adapts  itself  to  the  enrre,  refenred  to  an  asymptote  parallel 
to  the  axifi  of  temperature. 

Note  G.  §  15. — The  value  -  =3*28  is  tiikeii  froai  Ktgaault*s  ob- 

P 

servatim  on  the  tension  of  its  vapour  at  O'' and  Thftobier* 
nations  at  0^  and  SQP^iepnsaent  i  asd'25.   Daltoo'li  obserratioii  on 

the  vapour  give  it  equal  to  3"2in8,  uhich  is  probably  the  mo^t  cor- 
recti  as  A  is  thus  represented  to  be  the  same  for  sulphuric  ether  and 
water,  their  lines  of  vapour^density  being  paraUeL 

Note  H.  $  16.— In  a  paper  on  Capillarity  in  the  Philosophical  Ma-  . 
gazine  for  January  1858,  the  proofs  are  given  in  detail  of  a  law  that 
connects  molecular  volume  with  capillarity  and  latent  heac  It  is  ex- 

prewcd  by  the  equation  o4^»  i&  which  m  is  the  cube  root  of  the  mo* 

lecular  volume  of  a  liquid,  p  the  height  of  the  same  in  a  capillary  tube 
eleoasfeaatboiep  and  L  the  latent  heat  of  the  vapour  of  the  aaoM*  all 
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taken  at  the  same  temperature  t.  According  to  Wolf  and  Brunkier 
(^Ann.  de  Chim.  vol.  xlix.),  p  —  A  —  bt  is  the  empirical  equation  for  the 
capillary  height  in  terms  of  the  temperature.   According  to  the  law 

of  tzpanaioD*  m« /y/ Hence 

,  u  the  equation  which,  at  prewnt  partly  empirical^  it  is  bo  desirahte 
to  convert  into  one  wholly  expressive  of  a  genenl  natiml  law  Of 
quantitative  relation  between  L  and  V. 

Edinhmgh^  May  6, 1861. 


LXII.  On  a  peculiar  Acid  (DiameAeul)  met  with  in  ike  Gmntp 
of  Tantalum  and  Niobium  cooypowuk,  By  Pioleuor  F«  font 

Kobell*, 

BEING  engaged  in  pfopaiing  a  new  aditioii  of  my  'Miaeti^ 
logical  Tables/  I  was  anxious^  among  other  matten^  to 
arrive  at  as  distinct  chemical  characters  as  poiaible  for  the  luih* 
talates  and  niobates  with  which  we  are  familiar ;  and  after  varioni 

experimentSj  T  came  to  the  con\nction  that  in  several  of  theia 
com])ouiKls  there  exists  an  acid  different  from  the  true  tantalic 
Bcid  which  occurs  in  the  tantalitc  from  Kimito,  and  also  Iron 
the  niobic  acid  met  with  in  the  iiiobite  froai  Boderimais. 

As  from  the  previons  labours  of  MM.  Rose^  Hermann, 
Wdhler,  and  others  we  are  a^s  arc  that  in  testing  for  these  acids 
the  one  is  very  liable  to  be  mistaken  for  the  other,  inasmuch  aa 
tke  tests  give  more  or  less  varioos  indications  according  to  the 
manner  of  treating  the  enlNrtaiMBea  and  the  qnalitj  of  Uw  lea^enti 
themselresy  I  hm  endeavoured  in  the  first  place  to  aivert  any 
possible  error  arising  from  thoae  canies  by  condneting  the  whole 
of  the  assays  in  preciaely  the  same  manner^  which  I  now  pioeead 
to  describe  in  detuL 

1*5  grm.  of  each  assay  was  fused  in  a  silvei*  crucible  with  10 
grma.  of  hydrate  of  potash,  and  the  mass^  which  melted  quietly, 
was  maintained  for  seven  minutes  longer  in  a  state  of  fusion ;  hot 
water  was  then  added  till  the  fluid  amounted  to  20  cubic  inches, 
and  %vhen  cold  it  was  filtered.  The  filtrate  was  acidulated  with 
hythochloric  acid,  tin  n  neutralized  witii  ammonia,  the  precipitate 
allowed  to  subside,  and  the  liquor  jjourcd  otf ;  after  this,  the 
precipitate,  which  was  frequently  cuiomtd  by  manganese,  was 
shaken  with  caustic  ammonia  and  iiltered.  I  had  taken  somewhat 
more  ammonia  than  would  have  been  required  to  remove  from 
the  precipitate  an  amount  of  10  per  cent,  of  tungstic  acid.  By 

*  From  the  Bullet m  of  the  Academy  of  Sciences  of  Munich,  Meeting  of 
Hvchlfl^im.  CflMwiwmd ty W.G. Lsttioa. Esq. 
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this  treatment  any  tungstic  or  molybdic  acids  wliich  might  have 
caused  the  reaction  described  below  was  ^ot  rid  of. 

In  order  to  employ  in  my  experiments  as  equal  quantities  aa 
posaible  of  the  precipitates,  which  must  be  u«ed  when  just 
thrown  down^  I  made  fnnndt  of  tinfbil,  which  I  cnt  into  the 
Ibrm  of  a  filter  one  inch  long  in  the  side,  and  gave  them  the 
requisite  shape  in  a  small  porodain  funnel.  One  of  these  funnels 
was  filled  with  the  freshly  filtered  pasty  precipitate  by  means  of 
a  spatula,  and  then  laid  in  a  porcelain  dish;  the  tinfoil  having 
been  opened  out^  one  cubic  inch  of  concentrated  hydrochloric 
acid,  of  the  specific  gravity  of  1*14,  was  added  and  heated  to 
boiling,  that  temperature  being  maintained  for  three  minutes, 
and  the  foil  kept  continually  well  stirred  about  in  tlic  fluid. 
Under  this  trLutnicnt  the  appearances  observed  were  follows. 

1.  The  acid  of  the  tnntalite  from  Kimito,  and  of  the  niobite 
from  Bodenrnais,  coloured  the  liquor  bluish  (smalt-blue) ;  on 
adding  half  a  cubic  inch  of  water  tliereto,  when  poured  into  a 
glass  the  colour  disappeared  rapUfy,  the  precipitate  settled 
without  being  dissolved;  on  being  filtered  the  liquor  gave  a 
eolourleu  filtrate,  and  the  precipitate,  which  at  first  was  o£  a 
bluish  tmt,  became  speedily  white  on  a  further  addition  of  water. 

2.  The  aeids  of  a  so^ialled  tantalite  firom  Tbmmela,  the  powder 
nf  whidi  was  blackish  grey,  those  of  euxenitej  sscbynite,  and 
aamarsldte,  on  being  bcNkd  with  hydrochloric  acid  and  tinfoil 
ns  above  described,  were  dissolved  to  a  dark  blue  dondy  fluid, 
which,  when  diluted  with  half  a  cubic  inch  of  water  or  rather 
more,  beeame perfectly  clear  with  a  deep  sapphire»ifltie  colour,  and 
pave  a  transparent  deep-blue  filtrate.  On  being  further  diluted 
by  the  addition  of  a  twofold  or  threefold  quantity  of  water,  the 
colour  becomes  indigo-bhie  and  bluish  ereen  ;  nnd  in  open 
vessels,  after  some  time,  olivc-green,  maintaming  that  tint  for 
several  hours,  but  bccominG:  paler.  The  flnid  preserves  its  per- 
fect transparency  all  the  while,  and  in  a  closed  vessel  the  colour 
remains  imchanged  for  weeks. 

Both  with  the  a^sayb  under  (1),  and  also  with  those  under 
(2),  1  kept  up  the  boiling  for  a  longer  time,  indeed  till  the 
hquors  were  tolerablv  concentrated ;  I  then  added  half  the 
irolnme  of  water  and  poured  the  whole  into  a  glass.  The 
appeamnces  observed  were  the  same  as  before ;  the  acids  of  (1) 
lemamed  undissolved  and  gave  a  colourless  filtrate,  while  those 
of  (2)  were  dissolved  and  gave  a  transparent  blue  solution,  the 
colour  of  the  filtrate  being  also  blue.  When  treating  euxenite 
<Mioneoocasion,and  concentrating  the  liquor  by  boiling,  I  obtained 
an  olive-green  fluid,  which  was,  however,  tran««parent;  on  the 
addition  of  concentrated  hydrochloric  acid,  and  boiling  a  second 
time  with  tinfoil,  the  blue  colour  was  xestored.  If,  on  obtaining 
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B  green  fluid  of  this  nature,  it  is  diluted  with  three  tioieB  itt 
volume  of  water  and  then  slowly  evaporated  till  it  becomes  tUN 
bid,  on  the  addition  of  a  suitable  quantity  of  concentrated  hydro* 
chloric  acid  and  boiling  for  a  few  minutes  with  tinfoil,  the  blue 
colour  of  the  solution  always  appears  on  addin  g  a  little  ^vatcr. 

It  seems  super tiuous  to  say  that  a  transparent  blue  tluid 
also  gives  a  tiltrate  of  the  same  colour;  and  yet  the  Cdaa  occurs 
of  such  a  fluid  being  coloured  only  from  some  substance  being 
held  suspended  therein  in  a  state  of  extreme  subdivision,  the 
filtrate  beiui^  colourless.  Such,  for  instance,  is  the  behaviour  of 
tuDgstic  acid  when  it  is  precipitated  from  tungstate  of  potash 
with  hydrochloric  add^  and  the  precipitate  boiled  with  con-* 
tentrated  hydrochloric  acid  and  tinfoil.  I  obtained  thus  a  dark- 
blue  fluid,  whicbj  when  considerably  dilated,  was  quite  trana^ 
parent  and  of  a  bright  sapphire-blue;  but  both  the  dark-blue 
and  the  light-blue  diluted  fluid  gave  a  colourleaa  filtrate ;  and 
when  left  to  themselves,  both  these  fluids  also  became  colourless 
when  the  blue  oxide  of  tungsten  suspended  therein,  and  which 
in  that  condition  retains  its  blue  colour,  had  settled  to  the 
bottom. 

The  tin  contriined  in  the  blue  solution  of  the  acid  in  question 
is  easily  got  rid  of  by  a  stream  of  sulphuretted  hydrogen,  and 
the  acid  is  obtained  again  from  the  tiltrate  by  precipitation  with 
ammonia.  The  precipitate,  on  being  boiled  with  hydrochloric 
acid  and  tinfoil,  again  produces  the  blue  fluid.  On  evaporating 
slowlv  the  liquor  filtein^  from  the  sulphide  of  tin  (which  from 
its  diluted  state  is  colourless),  it  becomes  turbid  when  consider- 
ably concentrated*  On  adding  a  little  water  the  doudinesa  dis- 
appears, and  on  the  further  addition  of  concentrated  hydrochloric 
acidawhit(  precipitate  is  produced.  If  the  hydrochloric  acid 
has  been  added  in  suitable  quantity,  and  if  the  fluid  is  boiled  with 
a  slip  of  tinfoil  placed  in  it,  the  appearance  spoken  of  above  is 
produced.  The  fluid  becomes  of  a  deep  blue,  and  when  poured 
into  a  glass  appears  turbid;  but  on  the  addition  of  half  its 
volume  of  water  it  becomes  transparent,  and  presents  itself  in  the 
f^h"^^  like  a  clear  sapphire.  The  original  precipitate  from  the 
potLish  solution  may  be  freed  from  any  maniranese  it  may  contain 
by  boiUngitwith  a  certain  quantity  of  hydrochloric  acid;  this 
precipitate  can  further  be  boiled  with  tolerably  strong  sulphuric 
acid  without  being  deprived  of  the  property  of  being  soluble  in 
hydroehlorie  acid  in  the  presence  of  tinfoil.  The  acid  thus  purir 
fled, is  white;  on  being  heated,  it  assumes  a  very  pale  yellow 
eolonr,  which  it  loses  again  on  cooling,  taking  somewhat  the 
appearance  of  porcelain. 

Before  the  blowpipe  it  is  dissolved  in  borax  and  salt  of  phos» 
phorus  to  a  colourless  glass,  both  in  the  oxidating  and  the  redn- 
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dsgflanie.   'VHicn  the  b(naz|^mie  saturated^  it  renitmt 
parent  on  cooling  after  exposure  to  a  good  heat  i  on  being  wanned 

•  again  it  becomes  cloudy,  and  assumes  the  appearance  of  enamel. 
When  the  iieid  in  question  is  boiled  with  zinc  instead  of  tin, 
the  blue  solution  is  not  obtained;  the  precipitate  of  the  acid  is 
blue,  it  is  true,  but  the  filtrate  is  rolourless,  and  the  acid  ioses  its 
colour  on  the  addition  of  water  without  being  perceptibly  dis- 
solved. It  was  only  with  a  very  large  quanti^  of  hydrochloric 
acid  and  2inc  that  1  could  obtain  a  du  ly  greenish  solution,  whieh, 
however^  when  diluted  with  half  its  amount  of  water^  became 
apeedily  rednoed  in  ita  ooloor,  aaaammg  a  pale  green  hm  witk 
optksoenee. 

If  equal  ^nantitiea  ol  the  aeid  tptHm  of,  of  tantalie  acid,  and 
of  hyponiobic  aetd,  all  three  being  meaanied  in  a  platinum  fun- 
nel, are  boiled  for  three  minutea  with  concentratea  hydioolilorio 
aeid  without  tin  in  the  manner  above  described,  and  are  then 
poured  out  into  a  glaaa,  they  all  three  give  yellow  milky  fluids* 
On  the  addition  of  a  very  moderate  quantity  of  water  the  aeid 
in  question  becomes  perrectly  trRnsparent,  whereRS  the  tantalie 
acid,  and  also  tlie  hyponiobic  acid,  even  on  the  addition  ot"  four 
or  five  times  their  volume  of  water,  remain  undissolved. 

If  the  metallic  acid  m  question,  when  freshly  precipitated,  is 
heated  to  boiling  in  dduted  sulphuric  acid  (1  volume  of  concen- 
trated acid  to  5  of  water),  it  forais  a  cloudy  liuid ;  and  on  this  being 
poured  into  a  glass  with  a  few  grains  of  distilled  zinc,  in  the  course 
of  a  few  minntea  the  add,  whieh  waa  previously  white,  beoomea 
of  a  deeided  Bmalt>blae,  oven  deep  blue,  and  ictama  tbia  ooknr  fbr 
aome  time  on  the  addition  of  water;  the  filtntOy  bowofer,  ia 
eolooileaa.  In  tfaia  behaviour  il  veiemblea  hyponiobic  aeid,  whereaa 
tantalie  add  treated  in  the  same  manner  ia  only  coloured  pale 
bloa^  which  colour  immediately  disappears  on  the  addition  of 
water.  The  difference  in  the  behaviour  of  tantalie  and  hjrponiofaio 
acids  has  been  already  mentioned  by  HdnrichRose  as  character- 
istic ;  as  r  modified  the  experiment,  by  having  reco!irse  to  a  boil- 
ing temperature,  the  ( ffeet  is  not  only  produced  more  rapidly, 
but  also  in  a  more  marked  in  aimer.  I  look  on  thi«?  reaction  for 
distinguishing  tantalie  acid  from  other  kindred  acids  as  the  most 
certain,  that  is  to  say,  if  one  does  not  wish  to  investigate  the  be- 
haviour of  the  chlorides.  For  a  liualitative  testing  of  au  acid  of 
this  class,  the  first  step  of  the  inquiry  would  be  to  predpitato 
itintbe  manner  described  from  the  solution  of  potash,  ana  then 
to  examine  the  aolnbilityof  the  freshly  obtained  preeipitate  witb 
l^droehlorie  add  and  tinfoil,  with  due  attention  to  the  eondi« 
tions  above  laid  down.  Should  the  add  not  be  diaaolved  to  a  bins 
fluid  when,  after  three  mioutes'  boiling,  half  a  cubie  inch  or  a 
enbie  inch  of  water  ia  added^  itiatantancorbjponiobic  add,  and 
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recourse  must  be  had  to  an  assay  with  sulphuric  acid  and  zinc  to 
determine  between  these  two  acids.  I  am  at  least  inclined  to  think 
that  oor  determinfttMiitj  aa  far  M  eorreetnen  is  ecmoenied^  will 
hm  as  great  a  probalnlity  m  thdr  hww  aa  with  the  other 
methoda  hitherto  employed^  whieh,  aa  ia  shown  hy  the  oonataatly 
varying  indicatioiia  of  the  aeids  of  emeuitey  yttrotantalit^ 
samarskitei  ke,,  havcf  not  given  any  thoroughly  reuable  resnlta* 

With  respect  to  the  acid  discovered  by  me,  and  whieh  forma  a 
blue  solution  with  hydroehloric  add  and  tin  with  such  remark- 
able facility,  it  is  with  certainty  and  ease  distinguishable  both 
from  tantalic  and  from  hvponiobic  acid,  and  that  evidently  in 
a  more  marked  manner  than  those  acids  mutually  are :  the  me- 
thod  of  its  preparation,  moreover,  as  above  set  forth,  as  well 
also  as  a  comparison  with  kindred  acids  under  closely  simllu 
circumstances,  appear  to  me  to  exclude  the  idea  of  its  being  an 
allotropic  state,  or  a  not  hiLiierto  observed  stage  of  oxidation  of 
tantalum  or  niobium,  and  to  claim  for  it  au  existence  as  a  distinct 
add.  Heraaann^  aa  ia  wdl  known^  leveial  yeafa  ainoa  aaiiimail 
the  oociirrence  in  tamaiakite^  fonnerly  termed  nranofcantalitef 
of  a  peculiar  add  whieh  he  termed  ihauBnie  acidi  he  was,  how- 
ever, not  enabled  to  characterise  that  add  widi  sufficient  pre- 
cision ;  and  lieinrich  Rose  could  at  that  time  establish  pomt  by 
point  for  his  own  niobic  acid,  now  termed  hvponiobic,  everything 
that  Hermann  sought  to  establish  for  ilmenic  acid,  so  that  at  last 
Hermann  ranged  his  acid  under  niobium,  and  has  pronounced 
it  to  be  a  niobous-niobie  combination*.  That  the  acid  discovered 
by  me  is  an  oxide  of  niobium  is,  as  far  as  present  experience 
goes,  not  to  be  assumed  ;  for  if  it  were  a  lower  grade  of  oxidation 
than  the  hypomobic  acid  we  are  acquainted  with,  it  must,  on 
beine:  fused  with  potash  lu  an  open  crucible,  be  converted  to 
tiiii  liyponiubic  acid,  inasmuch  hs,  accordiug  to  iitimiicii  llose, 
niobium  itself  is  dissolved  into  hyponiobate  of  potash  by  boiling 
potash ;  and  if  it  were  a  higher  eside  than  Jiypouiolne  add,  it 
must,  on  being  rednced  with  tin,  be  alao  converted  into  that 
aeidy  and  oonaequently  ndther  aoluble  in  hydroehloric  acid 
under  the  conditiona  apoken  of,  nor  impart  a  blue  colour  to  the 
solution,  as  is^  however*  the  case. 

The  same  argument  holds  good  if  it  be  regarded  as  an  oxide 
of  tantalum :  under  the  treatment  referred  to,  it  must  be  oon^ 
verted  into  the  tantalic  acid  with  which  we  are  familiar,  and 
must  agree  with  it  in  its  reactions,  which  it  does  not.  Hein- 
rich  Rose  has  duly  established  that  tlie  metallic  acid  of  the 
tantaiite  of  Eodeumais  is  distinct  from  that  of  certain  Finland, 
tantahtes;  and  to  mark  the  diiiereuce,  he  called  the  former 

*  According  to  TTemiaiiD,  it  oolonn  salt  of  phospbonis  dark  farowa 
be£ore  the  i)iowpipe. 
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niobic  acid,  now  termed  hyponiobic  aeid^  and  bas  called  tbe 
mineral  formerly  dengnateu  as  tantalite  by  tbe  name  of  nk>* 
bile.  According  to  my  experiments^  tbe  same  case  occurs  witb 
tbe  acids  of  tbe  tantalite  from  Kimito,  and  of  that  from  Tammela 
which  I  have  examined.  I  will  therefore  name  the  latter,  in 
which  I  first  remarked  the  difference,  after  Diana,  and  term  it 
Dianic  acid]  the  element  T  shall  name  Dimiimn  (Di),  and  the 
mineral  from  Tammela  wliich  contains  this  acid,  Diauife. 

Besides  occurring  in  the  mineral  here  mentioned,  this  Hcid, 
though  in  a  less  pure  state,  appears  to  occur  in  the  Greenland 
tantalite,  in  the  pyrochlore  from  the  Ilmen  Muuntams,  luul  in 
the  hrown  Wohlerite  (I  Imve  not  examined  the  yellow).  I  could 
only  employ  small  qnantitiea^  however,  of  tbeae  mtnerala^  and  it 
was  not  in  my  power  to  earry  ont  tbe  requisite  inyestigations  in 
Buffieient  detail.  A  small  fragment  of  yttrotantalite^  professedly 
from  Ytterby,  gave  tbe  reaction  of  dianic  acid|  in  another  assay 
of  a  specimen,  the  specific  gravity  of  which  I  ascertained  to  be 
5*5,  from  the  collection  of  the  late  Duke  of  Lenehtenberg,  tbe 
acid  proved  to  be  tantalic  acid.  The  former  assay  refers  there- 
fore to  a  different  apeeies^  tbe  specific  gravity  of  which  I  conld 
not  determine. 

Wlien  combinations  of  this  nature  contain  nt  the  snme  time 
titanic  acid,  the  latter  i**  found  in  the  residue  of  tiie  jjotash-lye, 
in  "whieh  it  can  be  easily  detected  even  when  this  residue  con- 
tiiins  al>o  a  small  portion  of  dianic  acid.  The  residue  ir^  boiled 
with  concentrated  hydrochloiic  acid  and  filtered,  the  filtrate, 
with  a  strip  of  tin  laid  in  it,  being  then  boiled  longer.  If  no 
dianie  acid,  bnt  tantalic  acid  is  present,  the  liquor  on  becoming 
concentrated  assumes  a  violet-blue  colour,  which  on  dilating 
witb  water  is  changed  very  characteristically  to  pink.  The  fioid 
retains  this  latter  colour  for  several  days  or  longer.  When  the 
solution,  in  addition  to  titanic  acid,  contains  a  portion  of  dianie 
acid  as  well,  tbe  blue  colour  of  the  latter  predominates  ;  on  di- 
luting it  in  an  open  glass,  tbe  pink  colour  due  to  titanic-  acid 
makes  its  appearance  in  tbe  course  of  a  few  bonrs,  owing  to  the 
colouring  of  the  dianic  acid  disappearing  gradually.  In  this 
way  I  recognized  the  presenrr  of  titanic  acid  (as  it  had  been  esta- 
bl  '^hed  previously  by  other  methods)  in  aeschynite,  pyrochlore, 
and  euxenite. 

I  cannot  of  course  say  whetlicr  my  dianic  acid  is  contained  in 
all  varictie>,  and  from  all  the  localities,  of  the  above-named 
species;  with  respect  to  the  tantalitcs  fiotn  Tammela,  it  is  indeed 
established  that  perhaps  the  majority  of  them  contain  tantalic 
acid.  The  iV>eeific  gravity  should  probably  be  particularly  at- 
^ded  to.  The  mineral  firom  Tammela  examined  by  me  (dia- 
nite]  bas  a  specific  gravity  of  5*5,  while  the  tantalitcs  from  that 
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localitv  analysed  by  H«  Boae,  Weber^  Jaoobaon^  Brooke,  Womuai, 
and  Nordenakiold^  had  a  specific  gmvity  of  from  7*88  to  7*5  and 
iaore*  The  tanlaliUi  from  Kimito,  moreover,  from  which  I  pro- 
ceed the  tantalic  acid  employed  for  my  iiiTeetigatioD,  has  a  spe^ 
cific  gravity  of  7*06.  The  colour  of  the  streak  of  diauitc  is,  as 
before  remarked,  black-grey,  while  that  of  the  Tammela  tauta* 
Htes  analysed  by  Jacobson  is  stated  to  be  dark  brownish  red*  aa 
is  also  the  case  with  the  Kimito  tantalite. 

In  appearance  dianitc  very  closely  resembles  Finland  tanta- 
lites.  The  assay  analysed  was  taken  from  a  large  tabular  broken 
crystal  about  2  inches  in  size,  on  which,  however,  only  two 
planes  occur.  Their  angle  of  inclination,  as  measured  by  the 
tand-goniometcr,  amounts  to  about  151°  ;  \vhcthcr  those  phines 
are  T  and  ii.  of  Naumauii'a  tantalite,  or  T  and  G,  or  other  ones, 
cannot  of  course  be  determined.  Beforo  the  blowpipe,  dianite 
afforda  no  marked  difference  when  compared  with  tae  Kimito 
tantalite. 

The  samarskite  which  I  examined  is  from  the  Umen  Monn* 
tains ;  I  employed  quite  fresh,  pare  fragments,  with  a  conchoidal 
Ihieturo  and  strong,  somewhat  metalUc,  vitreous  lustre.  The 
euxenite  is  from  Alva  near  Arendal  (procured  from  Dr.  Krantz)  j 
the  seschynite,  from  the  Ilmen  Mountains,  was  from  the  Leueh- 
tenberg  collection. 

While  preparing  the  ahove,  I  for\sarded  a  poitirsn  of  the 
dianic  acid  in  question  to  Professor  lleinrich  Rose,  and  tdiiiiiiuni- 
eated  to  him  the  leadinsj^  points  of  the  paper,  rcqutstiug  his 
opiiiion  on  the  matter,  rrofessor  Rose  was  so  |2:ood  as  to  pre- 
pare the  chloride  of  this  acid,  and  wiotc  to  me  that,  in  doing  so, 
he  had  met  with  a  trace  of  tungstic  acid,  adding  that  the  re- 
action described  bv  me  might  be  brought  about  from  that  ciroum- 
stance;  and  he  advised  me,  as  a  first  step,  to  purify  the  acid  by 
the  method  suggested  by  him,  namely,  by  fusing  it  with  car- 
bonate of  soda  and  sulphur.  The  case  might  be  simihir  to  the 
one  which  had  misled  Hermann. 

Now  I  had,  it  is  true,  established,  by  the  very  ready  solubility 
of  dianic  acid  in  hydrochloric  acid  when  compared  with  true 
tantalic  and  hypoiiiohic  acids  under  similar  conditions,  a 
characteristic  distmctiou  lor  the  first  of  these  tlnec  aeids; 
but  it  was  none  the  less  essential  to  prove  that  the  property 
of  becoming  blue  with  hydrochloric  acid  and  tin  belonged 
to  the  acid  ui  quL'sL;<  ii,  and  is  not  attributable  to  tungstic  acid. 
Alter  the  tieatiiiciit  with  ammonia,  to  which  reference  has  been 
made,  but  little  tungstic  acid  could,  it  is  true,  contaminate  the 
dianic  add;  nevert^kss  the  turning  blue  might  be  ascribed  to 
that«   A  plan  to  clear  this  point  up  was  soon  formed.   I  first 
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tcn^t  to  impart  to  the  noii*eoloiiring  tantalie  and  hyponlolio 
Adda  the  quality  df  beeoming  eolooied  by  an  addition  of  tongatie 
ieid,  and  then  endearonred  to  aaeertain  hov  fitr  an  add  thoa 
ttiixed  was  to  be  purified  by  ammonia,  the  proeeaa  which  I  fol* 

lowed  in  my  original  experiments.    I  prepared  tungstate  of  pot- 
aah  of  a  determined  strength,  and  mixed  it  with  a  lye^of  tantalie 
acid  in  such  proportions  that  84  parts  of  tantalie  acid  were  united 
to  16  parts  of  tungstic  acid,  cori-p'^ponding*,  as  it  were,  to  a  pot- 
a«!h  snnitinn  of  a  tanta]ite  tb:\t  consisted  of  tantalie  and  tungstic 
acids  only.    The  mixture  was  divided  into  two  portions  (by 
means  of  a  graduated  glass),  and  precipitated  with  hydrochloric 
acid.    The  prcci})itate  of  one  portion  was  decanted  and  liltered, 
and  a  tinfoil  filter,  one  inch  long  in  the  side,  being  filled  there- 
withj  it  was  boiled  for  three  minutes  in  I  cubic  inch  of  hydro- 
chloric add  aa  deaeribed  above;  \\  cnbie  ineh  of  water  waa 
iddedj  and  it  waa  ffltered.  The  fiftrate  was  greenish  yeUowi 
on  adding  I  eabie  inch  more  water  the  fluid  was  yellowiah^  the 
Medpitate  waa  not  J^taehfed,  and  after  the  lapse  of  twenty- 
nmr  hours  the  fimd  which  was  poured  off  deposited  a  dark  blae 
precipitate.  The  same  experimentj  performed  in  the  like  manner 
with  a  similar  quantity  of  the  hyponiobieaeidi  gave  an  olive-green 
filtrate,  which  did  not  materially  change  in  twenty*four  hours. 
When  boiled  Rp:mn  it  became  of  a  bine  colour,  which  was  also 
the  hue  of  the  tiltrate.    The  hyixiniobic  acid  was  a  little  dissolved 
in  this  experiment,  as  the  taiitahcacid  was  in  the  coriLspondiag 
one.    When,  however,  I  agitated  the  precipitates  of  the  mixed 
acids  with  ammonia  (the  approximate  quantity  required  to  dis- 
solve the  amount  of  tungstic  acid  contained  therein  having  been 
Mcertained  by  experiment),  and  then  allowed  them  to  subside, 
decanted  and  filtered  them^  the  precipitatea  thna  treated, 
on  bdng  boiled  for  three  minntea,  aa  above  deaeribed,  with  hy- 
droehloric  acid  and  tinfoil,  and  dilated  with  half  a  enbic  inch  of 
^water,  belunred  almost  entirely  like  the  acids  prepared  directly 
hOBBL  the  minerals  themselves;  the  fluid  of  the  tantalie  acid 
passed  throngb  the  filter  colourless,  that  of  the  niobic  acid  had 
B  fli<^ht  greenish  tint.    These  experiments  prove  that  tantalie 
end  hyponiobic  aeid^!,  even  when  containing  a  great  amount  of 
tungstic  acid,  may  be  at  least  so  far  puritied  by  ammonia  as  not 
to  produce  the  deep  blue  colour  given  by  dianic  acid ;  and  fur- 
ther, that  the  presence  of  tungstic  acid  in  those  acids,  under  the 
conditionti  spoken  of,  docs  not  increase  their  solubility  in  hy- 
drochloric acid.    The  laUei-  circumstance,  although  to  be  antici- 
pated, waa  of  more  importance  to  me  than  the  absence  of  the 
bine  eolour;  for  nmilar  ezperimenta  to  these  had  aheady  fully 
ednTineed  me  that  the  temoTal  of  tungatte  aeid  by  meana  of  am- 
BMmiaia.n0t  a peifoet  one.  To raoiOTe,  howeyjar,  the  last  d^ubta 
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•1  tp  the  potnUe  ooopenlion  of  the  tongitic  add  m  tha  {iiodno* 
tion  of  tM  blue  colour  alluded  to,  the  acid  of  the  dlanite  fiRMoi 
Tbaunela  was  purified  with  the  utmost  care  by  the  prooesa  sug- 
gested by  H.  Rose.  The  filtered  add  was  dried  down  till  it  was 
capable  of  being  readily  reduced  to  powder.  I  took  0*6  grm* 
of  it,  which  was  triturated  with  1'5  gnu  of  carbonate  of  pot* 
ash  and  then  with  0*5  grm.  sulphur.  I  fused  the  mixture  in  a 
covered  porcelain  crucible  over  a  gas-lamp,  dissolved  the  mass 
in  water,  and  after  dccantation  transferred  the  acid  remaining 
into  a  close  glass  vessel  with  sulphuretted  hydrogen,  which  I 
agitated  well,  leaving  it  thus  for  twenty-four  hours.  The  liquor 
was  then  decanted  twice,  and  the  residue  boiled  with  diluted 
hydrochloric  acid  and  well  washed  ;  and  lastly,  the  metallic  acid 
was  attacked  a  second  time  with  hydrate  of  potash  m  a  silver 
crucible^  precipitated  with  hydrochloric  acid  and  filtered.  A  tin- 
foil fiinnel  was  fiUed,  as  above  described^  with  the  acid,  and  a  cubic 
inch  of  concentrated  h^droehloric  add  havmg  been  ponied  into 
ity  the  fluid  was  maintained  for  three  minutes  at  a  boiling  tempo* 
lature.  Having  been  ixrared  into  a  glass,  it  proved  to  be  deep 
blue  and  turbid  ;  but  on  the  addition  of  the  necessary  quantity 
of  water,  it  afibrded  a  splendid  sapphire-blue  solution,  perfectly 
transparent,  without  a  trace  of  undissolved  precipitate.  Thefs 
is  therefore  no  doubt,  not  only  that  by  its  very  marked  difference 
of  solubility  under  similar  conditions  dianic  acid  is  distinguish- 
able from  tantalic  and  hyponiobic  acids,  but  also  that  the  pro- 
perty of  pro  due  in  fz^  a  blue  colour,  as  above  described,  belongs  to 
U  essentially,  a  property  which  the  other  acids  do  not  possess. 

I  purified  in  the  same  way  the  acid  of  euxenite  and  saniars- 
kite;  and  their  behaviour  was  precisely  the  same  as  1  observed  it 
to  be  on  my  endeavouring  to  remove  by  agitation  with  ammonia 
any  tungstie  add  they  might  possibly  contain.  The  blue  ablution 
of  dianito  and  samariufite  was  of  a  peculiarly  deep  colour^  almost 
lilack,  so  that  twice  or  thrice  ita  volume  of  water  bad  tobe  added 
to  it  to  recognize  the  blue  colour  distinctly,  and  to  see  that  the 
solution  was  perfectly  transparent.  In  a  stoppered  bottle  the 
colour  maintained  itself  quite  unaltered  for  weeks. 

The  acid  of  seschynite  I  have  not  purified  further  than  by 
agitation  mth  ammonia ;  and  as  in  two  experiments,  independent 
,  of  the  bine  colour,  it  proves  to  he  quite  as  thoroughly  soluble  as 
tlie  acid  of  dianito,  I  have  no  doubt  that  it  is  dianic  acid.  The 
cxpennK  iits  here  described  have  all  been  repeated  several  times, 
particularly  those  with  true  tantalic  acid,  with  hypomobic  acid^ 
and  with  the  dianic  acid  of  dianite. 

The  very  peculiar  behaviour  of  dianic  acid  above  described 
with  respect  to  zinc  as  compared  with  tin,  and  with  hydro- 
chloric add  alone,  induced  me  to  make  some  additional  ex- 
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pcrimcnts.  When  the  sohition  obtained  by  eniployinsr  a  large 
miantity  of  hydrochloric  acid  and  zinc  is  diluted  M  ith  abont 
thrice  its  volume  of  water,  it  has  a  dirty  yellowish  colour,  and 
for  the  moment  is  tolerably  transparent;  in  the  course  of  a  few 
minutes  it  becomes  turbid  and  loses  its  transparency,  owing  to 
a  iiiicly-dividcd  greenish-grey  precipitate  which  forms  after  a 
while ;  on  the  addition  of  more  water  it  is  deposited,  so  that  tiic 
liquor  may  be  decanted.  An  amy  with  hydrochloric  add  and 
tin  ahowBthta  deposit  to  be  bydroua  dianie  aeid;  for  it  ia  dia- 
aolved  to  tiie  eharaeteriatic  aapphire-bloe  fluid  when  treated  m 
the  way  bo  oflen  referred  to.  If  this  blue  aolution  is  boiled  for 
a  few  minutee  with  zinc,  the  dianie  acid  also  is  thrown  down 
with  the  tin  I  the  precipitate  is  deposited  with  readineaa  in  light 
grey  flakea  on  the  zinc,  which  is  coated  with  spongy  tin, 
and  the  supernatant  fluid  is  transparent  and  colourless.  On 
filtering  the  portion  containing  the  flakes  and  boiling  the 
acid  collected  witli  lu  drochloric  acid  and  tinfoil,  the  blue  solu- 
tion is  obtained  agam  on  the  addition  of  a  little  water.  Thus 
the  behaviour  of  the  acid  of  the  Tammela  dianitc  and  that  of 
the  acid  of  saniarskite  from  the  Ilmen  Mountains  is  strictly  iden- 
tical. I'hc  behaviour  of  zinc  and  tin  therefore  with  reference 
to  the  solutions  of  dianie  acid  in  question,  is,  to  an  extent  not 
to  be  anticipitated,  entirely  different,  it  may  be  said  antagonistic. 

Those  who  wish  to  repeat  the  investigations  deseribod  would 
do  well  to  adhere  to  the  quantities  mentioned  by  me,  or  to  em- 
ploy them  proportionally;  for  without  this  precaution  it  is  possible 
that  the  properties  may  not  be  as  distinctly  brought  out  as  they 
will  be  by  adhering  to  them« 


LXIII.  On  the  ParHHms  of  a  Close,   By  A.  Cayley,  Esq»* 

IF  F,  S,  E  denote  the  number  of  faces,  summits,  and  edges  of 
a  polyhedron^  then,  by  Euler's  well-known  theoreuij 

and  if  we  imagine  the  polyhedron  projected  on  the  plane  of  any 
one  face  in  such  manner  that  the  projections  of  all  the  summits 
not  belonging  to  the  face  fall  within,  the  face«  then  we  have  ft 
partitioned  polygon,  in  which,  if  P  denote  the  number  of  com- 
ponent polygons,  or^  say^  the  number  of  parts,  FssP4 1^  or  we 
have 

P  +  S=E-M, 

where  S  is  the  number  of  summits  and  £  the  number  of  edges 
of  the  plane  figure.  I  retain  for  convenience  the  word  edge,  aa 
having  a  different  initial  letter  from  summit, 

•  Commumosted  by  the  Author, 
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The  fonirala»  boweverj  exdndes  cues  sncli  as  tbai  of  a  polygon^ 
divided  into  two  parts  by  means  of  an  interior  polygon  wholly 
detached  from  it;  and  in  order  to  extend  it  to  such  cases^  the 
formula  must  be  wiitten  under  the  form 

where  B  is  the  number  of  breaks  of  contour,  as  will  be  cxplaiue^ 
in  the  sequel. 

The  edges  of  a  polygon  are  right  lines :  it  might  at  first  sights 
appear  that  the  theory  would  not  be  materially  altered  by  re« 
moving  this  restriction,  and  aOowing  the  edges  to  be  cunred 
lines;  but  the  faet  is  that  we  thus  introduce  closed  figures 
bounded  by  two  edges^  or  even  by  a  single  edge,  or  by  what  I 
term  a  mere  contour ;  and  we  have  a  new  theory,  which  I  call 
that  of  the  Partitions  of  a  Close. 

Several  definitions  and  explanations  arc  reqnired.   The  words 
line  and  curve  are  used  indiffLicntly  to  denote  any  path  which 
can  be  described  currenie  calamu  without  lifting  the  pen  from 
the  paper.    A  closed  curve,  not  cutting  or  meeting  itself*,  is 
called  a  contour.    An  enclosed  space,  such  that  no  part  of  it 
is  shut  out  from  uny  other  part  of  it,  or,  what  is  the  same 
thing,  such  that  any  part  can  be  joined  with  any  other  part  by  a 
line  not  euttiug  the  boundary,  is  termed  a  dose.  The  boundary 
of  a  close  may  be  considered  as  the  limit  of  a  single  eontour,  or  ' 
of  two  or  more  contours  lying  wholly  within  the  close.  The 
reason  for  speaking  of  a  limit  will  appear  by  an  example.  Con« 
sider  a  circle,  and  within  it,  but  wholly  detached  from  it,  a  figure 
of  eight;  the  space  interior  to  the  circle  but  exterior  to  the 
figure  of  eight  is  a  close :  its  boundary  may  be  considered  as  the 
limit  of  two  contours, — the  first  of  them  interior  to  the  close, 
and  indefiuitely  near  the  circle  (in  this  case  we  might  say  the 
circle  itself) ;  the  second  of  them  an  hour-glass-shaped  curve, 
interior  to  the  close  (that  ia,  exterior  to  tlic  figure  of  eight)  and 
inik  thiitcly  near  to  the  figure  of  eight.    Tiie  figure  of  eight,  as 
being  a  curve  which  cuts  itself,  is  not  a  contour;  and  in  the 
case  iu  question  we  could  not  have  said  that  the  boundary  of  the 
close  consisted  of  two  contours.  A  simiUur  instenee  is  afibrded  by 
a  eircle  havine  within  it  two  circlea  exterior  to  each  other, 
but  connected  by  a  line  not  cutting  or  meeting  itself;  or  even 
two  points,  or,  aa  they  may  be  called,  summito,  connected  by  a 
line  not  cutting  or  meeting  itself ;  or,  again,  a  single  summit: 
in  each  of  these  cases  the  boundary  of  the  close  may  be  con- 
sidered as  the  limit  of  two  contours.   But  this  explanation  once 
given,  we  may  for  shortness  speak  of  the  dose  as  bounded  by  a 

*  It  is  hardly  ncecsaor^  to  add,  excej)t  in  su  far  as  any  point  whale  vcr 
of  the  eurfe  may  be  constdfrvd  as  a  poiut  where  the  curve  meets  itsdf* 
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aogle  contour^  or  by  two  or  moso  eolilom ;  ind  I  aball  throngh- 
(ml  do  10,  instead  of  utiag  the  more  precise  expimuHi  of  the 
Wundacy  bting  the  limit  of  a  contour,  or  of  two  or  more  oontours. 

The  excess  above  unity  of  the  number  of  the  contonn  which 
form  the  boundary  of  a  close  is  tl:e  break  oj  contour  for  such 
close ;  in  the  case  of  a  close  bounded  by  a  single  contour,  the 
break  of  contonr  in  zero. 

Any  point  whatever  on  a  curve  may  be  considered  as  the  point 
of  meeting:  of  two  curvea,  or,  in  the  case  of  a  closed  curve,  as  the 
point  wlicie  the  curve  meets  itself,  but  it  is  not  of  necessity  so 
considered.  A  point  where  a  cture  cats  or  meets  itself  or  any 
Other  curve,  is  a  summtf;  each  point  of  termination  of  an  un« 
dosed  curve  is  also  a  tummit ;  any  isolated  point  may  be  taken 
to  be  a  jiMUMf.  It  foUowB  that,  in  the  ease  of  a  closed  curve 
not  cutting  or  meeting  itself  (that  is,  a  contour),  any  point 
or  points  on  the  curve  may  be  taken  to  be  summits;  but 
the  contour  need  not  have  upon  it  any  summit :  it  is  in  this  case 
termed  a  contour.  The  curve  which  is  the  path  from  a 
Suminit  to  itself,  or  to  any  other  Rnmmit,  is  an  ed^r :  the  former 
rase  is  tluit  of  a  contour  having;  upon  it  a  single  summit,  the 
latter  that  of  an  edge  having,  that  i^,  terminated  by,  two  sum- 
mits, and  no  more.  It  is  hardly  necessary  to  remark  that  a 
.  contour  having  upon  it  two  or  more  summits  consists  of  the 
same  number  of  edges,  and,  by  what  precedes,  a  contour  having 
upon  it  a  single  sunmiit  is  an  edge ;  but  it  is  to  be  noted  that  a 
contour  witiliout  any  summit  upon  it,  or  mere  contour,  is  no/  an 
edge.  It  may  be  added  that  an  edge  does  not  cut  or  meet  itself 
or  any  other  edge  except  at  the  summit  or  summits  of  the  edge 
itself. 

Consider  now  a  dose  bounded  hy  ff^l  mere  contours :  if  for 
tny  partitioned  close  we  have  P  the  number  of  parts,  S  the 
number  of  summits,  E  the  number  of  edges,  B  the  number 
of  breaks  of  contour;  then,  for  the  unpartitioned  dose,  we  have 
Pal,  SsrO,  £a>0,  B=^,  and  therefore 

P+S+/8=E+1+Bj 

and  it  is  to  be  shown  that  this  equation  holds  good  in  whatever 
manner  the  elose  ia  partitioned.  The  partitiooment  is  effected 
by  the  addition,  in  any  manner,  of  summits  and  mere  contours, 
■nd  by  drawing  edges,  any  edge  from  a  summit  to  itself  or  to 
«  toother  summit.  The  effect  of  adding  a  summit  is  first  to  in* 
crease  S  by  unity:  if  the  summit  added  be  on  a  contour,  B  will 
be  thereby  increased  by  unity ;  for  if  the  contour  is  a  mere  con- 
tour, it  is  not  an  edge,  but  Incomes  so  by  the  addition  of  the 
summit;  if  it  is  not  a  mere  contour,  but  has  upon  it  a  aummit 
or  summits,  the  addition  of  the  aummit  will  increase  by  uni^ 
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the  nnmber  of  edges  of  the  contour.  If^  on  the  other  hand,  the 
flominit  added  be  ea  iM^ated  ob^  then  the  addition  of  nieh 
tummit  OMuea  a  bteak  of  contour,  or  B  is  ineieaaed  by  unity. 
Henee  the  eddition  of  e  iummit  inereaset  by  vnitv  8;  end  it 
elao  increases  by  unitr  B  or  else  that  is,  it  leam  the  equation 
ttndiatnrbed.  The  effect  of  the  addition  of  a  mere  contour  ia  to 
increase  P  by  unity,  and  also  to  increase  B  bj  unity ;  it  ia  UMf 
to  see  that  this  is  the  case,  whether  the  new  mere  contour 
does  or  docs  not  contain  within  it  any  contour  or  contours. 
Hence  the  addition  of  a  mere  contnnr  Iravcs  the  equation  undis- 
turbed. The  effect  of  drawing  an  cdi^c  is  fiist  to  increase  E  by 
unity;  if  the  ed^e  is  drawn  from  a  summit  to  itself,  or  from  a 
summit  on  a  contour  to  another  sumnnt  on  the  same  contour, 
then  the  ciicct  is  aUo  to  increase  P  by  unity ;  if,  however,  the 
ed^e  is  drawn  from  a  summit  on  a  contour  to  a  summit  on  a 
di&rent  contour^  then  F  remaina  unaltered,  but  B  ia  diminiahed 
by  unity.  There  ire  a  feir  tpeeial  cmm»  whiehi  although  «ppe» 
mtly  difee&t,  are  really  indnded  in  the  two  preceding  onei : 
thua,  if  the  edge  be  drawn  to  connect  two  isolated  eonmiiti, 
these  are  in  fact  to  be  considered  as  aummite  belonging  to  two 
diatinet  contours,  and  the  like  when  a  summit  on  a  contour  le 
joined  to  an  isolated  summit.  And  so  if  there  be  two  or  more 
summits  connected  together  in  order,  and  a  new  edge  is  drawn 
conncctiri;^  the  first  and  Inst  of  thcni,  this  is  the  same  as  when 
the  edge  is  drawn  through  two  suunnits  of  the  same  contour. 
The  effect  of  drawing  a  new  edge  is  thus  to  increase  E  by  unity, 
and  :ilso  to  increase  P  by  unity,  or  else  to  diminish  1^  by  unity; 
tlmt  18,  it  leaves  the  equation  undiaturbed.  lleiicc  the  equation 
F  +  S+)9=:£-fl  +  B,  which  subsists  for  the  unpartitionea  close^ 
oontinuea  to  aubiiat  in  whatefer  manner  the  eloie  ia  partitionedi 
or  it  it  aiwayi  true. 

In  particuiar,  if  fi^O,  that  ia,  if  thb  original  ckwe  be  bounded 
by  a  mere  contour,  P  +  S=E  +  1  +  B;  and  if,  besides,  BtmO, 
then  P + S=E  + 1,  which  ia  the  ordinary  equation  in  the  theory 
of  the  partitions  of  a  polygon. 

If  we  consider  the  surface  of  a  plane  as  bounded  by  a  mere 
contour  at  infinity,  then  for  the  infinite  plane,  /9=0^  or  we  have 
P-f-S=E-fl+Br  in  the  case  where  the  intinite  plane  is  parti- 
tioned by  a  mere  contour,  P=2,  S  =  0,  E  =  0,  B  =  l  (for  the 
exterior  part  is  bounded  by  the  contour  at  infinity,  and  the  par- 
titioning contour,  that  is,  for  it,  B  =  l),  and  the  equation  is  thus 
satisfied.  And  so  for  a  contour  having  upon  it  n  summits, 
F=2,  S=;i,  E=/i,  B=l,  and  the  equation  is  atill  jaatisfied: 
this  ia  the  case  of  the  plane  partitioned  into  two  parts  by  meana 
of  a  single  j^olygon. 

The  case  of  a  spheiical  soiftoe  is  teiy  inferastiiig:  the  catixe 
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Burfaee  of  the  sphere  must  be  ooniidered  as  a  ckwe  bounded  by 
0  eontoiir,  or  we  b^ve  have  y9=  —  1,  and  the  equation  thus  be- 
comes P+S=E+2+B.  Thus,  if  the  sphere  be  divided  into 
two  parts  by  a  mere  contour,  P  =  5,  S  =  0,  E=0,  B=0,  and 
the  equation  is  satisfied.  And  in  general,  when  B=0,  tlien 
P+S=E  +  2;  or  writing  F  for  P,  then  F4-SssE+2,  which  ja 
Euler's  equation  for  a  polyhedron* 

2  Stone  Buildings,  W.C., 
March  8,  1861. 

LXIV.  Some  Notes  on  the  Drift  Deposits  ofil  'cs/ern  Canada j  and 
on  the  Ancient  Extension  of  the  Lake  Area  of  that  Region.  By 
E.  J.  Chapman,  Professor  of  Mineralogy  and  Geology  tn  Uni* 
versity  College,  Toronto*, 

THE  fiiUowmg  iMtes  and  deductions  are  the  result  of  a 
careful  examination  of  the  Drift  deposits  of  Western 
Canada,  undertaken  during  the  last  three  or  four  summers  in  an 
unsiiccessfal  search  for  marine  post-tertiary  fossils,  snch  as  occur 
so  abmuUuitly  in  many  parts  of  Eastern  Canada  and  throughout 
the  New  Eyglaud  States.  The  district  more  especially  investi- 
gated extends  from  the  Bay  of  Quintc  westward  to  the  mouth  of 
the  Saugeeu  on  Lake  Huron,  and  mciiitles  the  line  of  country 
lying  along,  and  immediately  within,  the  outcrop  of  the  Lauren- 
tian  Tocka  north  of  that  r^on.  j)etacbed  obaervationa  have 
been  made,  moreover,  at  various  pointa  on  the  ialanda  andnortli 
ahore  of  Lake  Huron ;  and  also  beyond  the  Hmita  of  the  province, 
aa  in  the  diatrict  aouth  of  Lake  Ontario^  in  Michigan^  and  alon^ 
the  aouthem  ahore  of  Lake  Superior. 

The  notes  reccMcded  here  are  arranged  under  two  sections,  of 
whidi  the  first  comprises  a  collection  of  data,  and  the  second  a 
eorraponding  aeriea  of  deductuma. 

§  1.  Data, 

1.  The  first  point  observable,  with  rc^rd  to  our  Drift  depoaita, 
is  the  very  evident  fact  that  the  rock  Hoor  on  which  these  accu- 
mulations are  spread  had  been  extensively  denuded  prior  to  their 
deposition  upon  it.  They  cover  thus  an  undulating  and  more 
or  less  broken  surface ;  and  their  thickness,  consequently,  apart 
from  tlic  denudation  to  which  they  have  been  themselves  sub- 
jected, is  exceedingly  variable. 

2.  The  lowest  of  these  deposits  appear  to  consist  of  dark-blue  or 
greyish  claya^  with  thin  layera  of  yellowish  or  light-coloured  clay 

•  Coanoaaiaited  by  the  Author.  > 
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in  places.  This  deposit  is  often  laminated  borizontally,  and  ia 
generally  very  calcareous.  It  appean  also  to  be  free  from  north- 
em  or  large  crystalliiie  boulden.  Pebbles  of  liinettone  and  other 
foaailiferoiu  rock,  mixed  with  some  Bmall  pebbles  of  water-worn 
gneiaa^  oocor  abundantly  in  it  in  many  loealitiea;  bnt  northern 
Donldere,  properly  so  called,  are  either  abaent  or  exceedingly  rare. 
Amongst  the  localities  in  which  these  lower  and  bonlder-free  elay 
deposits  are  of  marked  occurrence,  the  district  around  Toronto 
and  many  parts  of  the  valley  of  the  Saugeen  and  western  shorn 
of  Lake  Huron  may  psppcially  mentioned  ;  but  wherever  our 
Drift  deposits  are  found  to  cons^i^^t  of  clay  and  qther  materials, 
the  clay-beds  are  almost  invariably  seen  to  occupy  the  lower 
place.  At  the  same  time,  as  described  more  fully  in  the  sequel, 
b^s  of  yellow  aiul  other-coloured  clay,  it  should  be  observed, 
are  occasionally  found  with  northern  boulders  in  a  higher  part  of 
the  series ;  but  these  are  quite  distinct  from  the  lower  clays  now 
referred  to.  Th^  are,  moreover,  of  no  great  thickness,  but 
alternate  with,  end  are  subordinate  to^  thick  deposits  of  gravel 
and  sand ;  wheress  the  lower  days  attain  in  places  to  a  thidcness 
of  over  100  feet,  and  present  a  general  uniformity  throughout.  • 
In  these  ktter  beds  no  traces  of  eontemporaneons  fossils  Iwve  as 
yet  been  fonnd* 

3.  It  is  generally  assumed  as  an  established  fiMSt,  that  the 
harder  rocks  beneath  the  Drift  exhibit  everywhere  the  marks  of 
glacial  action.  Although  we  have  numerous  examples,  through- 
out this  section  of  the  ])rovinee,  of  polished  and  strinted  rock,  I 
believf  it  to  be  still  an  open  question  as  to  whether  tlie  rocks 
which  uud(  i  lie  these  lower  clays  have  been  thus  atfected.  I  have 
not  been  able  to  discover  any  instances  of  it,  nor  can  I  hud  any 
recorded  cases  in  our  Geological  Reports,  or  in  other  trustworthy 
sources.  The  question  hitherto  does  not  seem  to  have  been 
mooted,  the  Drift  accumulations  generally  being  classed  together 
by  most  observers  under  one  common  term.  As  the  point  it  of 
much  interest^  however^  it  should  be  kept  in  view. 

4,  Above  the  lower  elay  deposits,  or  resting  immediately  (where 
these  are  absent)  on  the  foundation  rock  of  the  country,  we  meet 
with  a  series  of  sands  and  gravels  of  evidently  northern  ori^n, 
containing  boulders  of  gneissoid  and  other  rock,  and  altematmg^ 
occasionally  with  beds  of  clay,  in  which  northern  boulders  are 
also  frequently  found.  This  clay,  with  scarcely  an  exception,  is 
remarkahlv  frrc  from  calcareous  matter,  the  cause  of  which  will 
be  alluded  to  further  on.  In  some  places  the  chiy  and  gravel 
are  mixed  up  together,  and  present  no  sifrns  of  stratification  ;  but 
more  usually  they  are  distmctly  stratitied,  and  the  boulders  are 

'  mostly  accumulated  towards  the  upper  part  of  the  scries    As  a 
general  rule^  indcedj  the  boulders  occur  lu  by  far  the  greatest 
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abnndanoti  scattered^  per  te,  over  the  surface  of  the  graveliy  or 
Mtiiig  inunedialely  on  the  underlying  rocki  wbm  the  dayu  and 
gravels  are  ahioit.  Thk  eppean  to  bm  ariim  in  lome  caeee. 
from  the  aabieqaent  removal  or  washing  away  of  the  looser 

materials  in  which  the  boulders  were  orinrinally  imbedded ;  but 
the  c^rrcatcr  number  of  these  were  evidentiy  thrown  down  where 
they  !iow  lie,  by  melting  or  straiuled  leebergs,  after  the  deposition 
of  the  other  Drift  materials.  Tlie  bonlderf,  whether  of  gneissoid 
or  other  fossibferous  rock^  belong^  always  to  northern  localities 
in  relation  to  the  spots  on  winch  they  now  occur.  Here 
aod  there  the  inhitration  of  water  containing  bicarboiiale  of  hiue 
has  cemented  some  of  these  upper  Drift  deposits  into  conglome- 
ratca  of  ooniiderable  solidity  (Burlington  Heigh  u;  vicinity  of 
Niagara  Mia;  Oeorgetowui  fte.)« 

5.  Under  the  gravels  and  aands,  or  where  the  isolated  bod* 
daps  of  this  series  are  found,  the  roeks  are  *lwinra  more  or  leaa 
narked  by  glacial  action.  The  more  common  effects  comprise  a 
amoothed  and  polished  siirfaee,  and  a  fine  stri^ition,  the  stiis 
running  in  long  straight  lines  in  a  general  N.E.  and  S.W.  direc- 
tion, although  following  to  a  certain  extent,  in  hilly  and  broken 
districts,  the  natural  windings  of  the  roclc -slopes  on  which  they 
occur.  These  effects  are  seen  in  Western  Canada,  at  various 
heights  above  the  sea-level,  up  to  an  elevation  of  at  least  1500 
feet.  They  are  well  shown  on  the  top  of  the  CoUingwood  es- 
carpment, at  about  1000  feet  above  the  level  of  Lake  Huiun  ;  uu 
the  same  line  of  escarpment  near  Niagara  Tails ;  on  many  of  the 
rock-exposures  on  the  north  shore  of  Lake  Huron ;  and  through- 
out the  countiy  it  the  junction  of  the  Laurentian  and  Silufian 
loRnationSy  between  the  river  Severn  and  the  County  of  Fron* 
tenae ;  alao  in  the  vieinity  of  Belleville^  Trenton*^  fce. 

The  isolated  boulders  scattered  over  the  country  frequently 
eibibit  in  themselves  a  polished  and  striated  surface;  and  the 
email  bouldeia  and  pebbles  imbedded  in  the  gravel  deposits  often 
present  the  same  ^ects  (e.^.  the  pebbles  found  in  the  tenaoea 
north  of  Toronto;  also  those  in  Drift  gravel  in  the  envtronaof 
Belleville,  Marmora,  Giielph,  Niagara  Fallsf,  &c.). 

6.  The  gravel  and  sand  beds  of  this  series  occur  in  places  in 
oblique  stratification,  or  exhibit  what  is  technically  termed  "  false 
bedding/^  This  occurs  at  or  near  the  upper  part  of  the  series, 
and  is  evidently  due  to  a  reanaiigement  of  the  materials  by  the 
action  of  currents  {e,  g,  Dnli-bauk  seen  in  Great  Western  Kail- 

*  See  a  paper,  by  tbe  writer, "  On  die  Geology  of  BellsriUe  and  its  Ea« 
virons/'  in  tbe  '  Canadian  Journal*'  voL    (new  series),  pp.  41-48. 

t  The  localities  clterl  in  this  paper  are  those  which  have  come  more  im-  « 
mediately  under  the  author's  obserration.    In  most  instant  the  lista 
given  might  be  greatly  added  to. 
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way  cuttbg  at  Toronto,  and  extendiiig  wettward  several  m\\e»\ 
beds  at  Orillia,  on  Lake  Coucbiching ;  alio  near  ColUngwood^  Ieo. 
A  remarkable  example,  alludad  to  more  fully  in  the  second  part 
of  this  paper,  Deduction  3,  occum  near  the  villao^e  of  Lewiston, 
on  the  Ronth  shore  of  Lake  Ontario).  1  think  it  will  be  rendered 
clear,  by  what  foiiows,  that  the  currents  in  question  were  not 
marine,  but  were  produced  in  the  hike  waters  when  these  stood 
at  higher  levels.  In  places,  tnoreover,  secondary  ridges,  or  ancient 
spits,  have  been  formed  by  the  same  action  out  of  these  diift 
materials  [e,  g.  Ridge  at  Weston,  near  Toix>nto,  described  by 
Sandford  Fleming,  G.E.,  in  the  Canadian  Journal,  new  serieSi 
yoL  yu ;  alio  the  ridge  at  Craigleitb,  in  ColUngwood  Townahipi 
mentjoned  br  tbe  writer  in  the  aame  Joomal,  fol«  t.  p.  806)« 
Thcae  aeoonwy  ridgea,  it  abonld  be  obaerved,  are  altogatbir 
dbtinct  from  tbe  terraeea  of  the  lake  shorea  and  intervening  di« 
atacta*  A  careful  seaxeh  would  no  doubt  reveal  their  preaenei 
in  very  many  loealitiei. 

7.  We  now  eome  to  a  fact  of  great  intereat^the  occurrence 
of  shells  of  freshwater  moUusca  in  the  sands  and  gravels  of 
these  Drift  deposits,  at  various  levels  above  the  present  surface 
of  our  lakes.  These  shells  belong  to  existmg  species,  inhabitants 
of  the  sun'ounding  waters.  They  must  not  be  confounded  with 
jjiinilar  shells  left  in  elevated  spots  by  the  drying  up  of  streams 
and  ponds,  or  by  the  cuttinp^back  and  lowenuq^  of  river-beds.  As 
occurnug  in  our  modified  Dnlt  deposits,  they  are  imbedded  in 
sand  or  gravel  containing  northern  pebbles  and  small  boulders; 
and  in  aikoalioniy  mofeovir,  in  wbidi  it  la  erident  tbat  no  merilj 
loeal  eanaea  eould  bave  been  oonoamedm  tbeir  depeaition.  Tbe 
fragility  of  moat  freabwater  ahella  neeeaaarily  operatee  agilnit 
tbe  preservation  of  theae  in  the  eoeraer  aedlments,  and  explalna 
^lek  abaenoe,  probably,  aa  ri^garda  the  npper  Drift  bade  of  many 

In  some  of  these  re-sorted  beda  the  bones  and  teeth  of  both 

extinct  and  existing  mammals  are  occasionally  found.  The  ex- 
tinct forms  comprise  a  species  of  Mastodon  [M.  Ohiofictis?  8ee 
Canadian  Journal,  new  serie*?,  vol.  iii.  p.  356),  the  JEiephas  pri- 
mifjoiius,  and  apparently  an  extinct  species  of  the  Horse.  The 
remains  of  exist mt;  species  found  in  these  deposits  (always  con- 
fining our  remarks  to  Western  Canada)  include  the  Wapiti,  the 
Moose,  Beaver,  Musk-rat,  &c.  These  two  classes  of  remains 
have  been  found  together.  In  a  railway-cutting  through  Bur- 
lington Hrig^ta  near  Hamilton,  tbe  tnak  of  a  Mammoth  {Eleptm 
prmigemiu)  and  tbe  boma  of  a  Wapiti  {Elaphm  Cmaitimi)  were 
met  with  at  a  depth  of  aboot  forty  fret  below  tiie  preaent  inrfree 
of  the  ground.  I  have  also  aeen  the  lower  jaw  of  a  Beaver 
((^<arjiftir)  obtained  from  tbe  aame  looali^.  Tbe  ttnt  inow^ 
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lieftds  snd  other  wroagbt  implements  of  Amiens  and  Abbe?ill^ 
occur  apparently  in  deposits  of  the  same  kind  and  age, 

I  have  diacoTered  freshwater  shells,  under  the  conditiont  de* 
icribed  above,  in  beds  of  stratified  Drift  consisting  of  coarse 
pp^vcl  filled  with  pebbles  of  t^neiss  and  other  northern  rocks,  ori 
the  Kingston  road,  about  two  miles  east  of  Belleville,  at  an  ele- 
vation, by  rough  measurement,  of  about  10  feet  above  the  pre- 
8eiit  level  of  Lake  Ontario.  These  belong  to  Fianorbis  Involvis, 
or  to  souie  closely  related  species.  Other  examples  of  tlu  same 
shell  were  obtained  from  hue  gravel  iu  oblique  stratilication,  near 
the  village  of  Orillia,  at  a  height  of  about  18  feet  above  the  level 
of  Lake  Ckiuiehiehinff.  This  Jake  ia  about  120  feet  higber  than 
Irtke  Hnron,  and  atNmt  700  feet  above  tbe  aea.  Pieeea  of  na» 
eieooB  shell  (bdonging  to  a  speeiea  of  Uvio  ?)  were  also  found  ' 
in  gravel,  in  the  vicinity  of  Barrie,  at  an  estimated  height  of 
abont  80  feet  above  Lake  Simcoe.  I  have  found  laeustrine  and 
terrestrial  shells  in  many  other  plaeea;  but  these  I  omit  from  men* 
Ikm,  aa  the  shells  occurred  on  the  aitea  of  ancient  awampay  in 
gullies,  or  in  flat  lands  adjacent  to  running  streams,  or  in  other 
doubtful  situations  in  which  they  may  have  been  deposited  by 
freshets  imd  other  agencies  of  comparatively  recent  date. 

Mr.  H.  licll,  of  the  Geological  Survey  of  Canada,  has  added 
greatly  to  our  kiiriwleds^c  of  the  above  localities,  in  a  paper  pub- 
lifihed  iu  the  'Canadian  Naturalist'  for  February  of  this  year 
(1861).  Amongst  other  spots  in  which  he  has  discovered  fresh- 
water shells,  the  environs  of  CoUingwood  and  Owen  Sound  may 
be  cited.  At  the  former^  examplea  of  Plmwrbis  trivohfii,  asso- 
ciated with  several  speeiea  of  Hdig,  were  found  by  hun  at  an  ek- 
vation  of  78  feet  above  Lake  Huron.  Specimena  of  Mekma 
'  emiica  have  been  obtained,  aeoording  'to  Mr.  Bell,  from  another 
apot  in  thia  locality.  Dr.  Benjamin  Workman  of  Toronto,  has 
also  oommuntcated  the  discovery  of  examples  of  a  Melania  and 
Unio  eU^jftii,  on  the  high  banks  of  the  Don,  about  80  feet  above 
the  lake.  These  may  have  been  deposited  by  the  river,  however, 
when  flowing  at  a  higher  level ;  but  they  were  covered,  acoord- 
ing:  to  Dr.  Workman,  by  a  rnnsidrnible  drposit  of  sand. 

The  upper  deposits  of  the  Diilt  }>eriod  are  separable  with 
difficulty  in  many  places  irom  tliuse  of  more  recent  age.  As  the 
one  period  merged  gradually  into  the  other,  tins  must  neressarily 
be  the  cuse.  Among  the  more  recent  deposits  uf  Western  Canada, 
however,  our  river  "flats"  may  be  more  especially  cited,  as  those 
of  the  Grand  Biver,  filled  with  the  remains  of  land  moUusca. 
Also^  tbe  cloaely-atmilar  deposits  of  tbe  ancient  bed  of  tbtf 
Niagara,  so  high  above  the  present  level  of  that  river ;  together 
with  the  ahelT-mails  and  calcareous  tnfaa  of  our  lakea  and 
■treama  j  and  our  deposita  of  bog-iron  ore  and  iron  ochres. 


Digitized  by  Google 


iVetiem  Camda.  488 

§  2.  Deductiotis, 

-  Th(^  followins^  deductions  appear  to  naturally  from  the 
observations  recorded  above : — 

'  1.  A  general  depression  of  the  land,  at  the  conuiu  n cement  of 
the  Drift  period,  must  have  taken  place  to  such  an  extent  as  to 
ad  til  it  of  the  deposition  of  the  lower  clays.  These  latter  were 
evidently  derived  from  the  limestones  and  other  Silurian  and 
Devonian  strata  lying  beneath  and  around  them,  lience  their 
l^enerally  calcareous  nature.  Their  derivation  from  this  source 
u  proved,  morflorer^  by  the  pebblei  of  Trenton  limettmie  and 
other  foioliferons  rocks  wbidi  they  frequently  contain.  Exten- 
sive denudation  must  thus  have  ocennrdl  both  immediately  prior 
to  and  during  the  deposition  of  these  clays;  but  it  may  be 
questioned  whether  the  bolder  contours  offered  by  the  denuded 
rocka^  such  as  the  escarpment  that  sweeps  from  the  Niagara 
river  to  Cabofs  Head  on  Lake  Huron,  were  not  produced  during 
*  the  first  uprise  of  the  palseosoic  strata  from  the  earlier  seas  in 
which  their  materials  were  accumulated,  ages  before  the  period 
now  under  discussion.  It  appear'?,  nt  least,  to  he  a  well-admitted 
point,  that  these  rocks  had  been  elevated  into  dry  land  before 
the  deposition  of  the  higher  formations  in  the  south  and  west. 

2.  After  the  deposition  of  the  lower  Drift  clays,  a  sudden  and 
abrupt  change  in  the  character  of  the  sediments  touk  place.  A 
striking  example  of  this  may  be  seen  in  the  natural  sections 
about  Hogg's  Hollow,  a  few  miles  noith  of  Toronto.  The 
change  in  question  must  have  been  efifected  by  a  still  further  de- 
pression of  the  eouBtrv,  bringing  the  higher  knds  and  gneissmd 
strata  of  the  north  within  the  influence  of  the  waves,  and  yielding 
the  sandSygravets,  and  boulders  of  the  upper  Drift  accumulations. 

This  depression  permitted  an  invasion  and  broad  extension 
southwards  of  the  ice-covered  Arctic  seas,  the  true  cause,  in  all 
probability,  of  the  cold  of  this  qioch.  The  depression  must  have 
exceeded  1500  feet,  since  northern  boulders  are  found  at  that 
height  above  the  sea  on  the  Collingwood  escarpment.  The 
gneissoid  boulders  there  met  with  must  at  least  have  traversed 
the  basin  of  Oeorgian  Bay  ;  but  the  glacial  striie  which  also  occur 
there  may  have  been  ])rodueed  by  the  action  of  ice  oriiriria- 
tins:  at  the  spot  itself:  the  three  or  four  distinct  sets  of  striie 
observed  at  this  locality,  however,  do  not  radiate  from  any  fixed 
point,  but  run  in  the  usual  nortli  and  south  direction,  some  being 
a  little  east  and  others  a  little  west  of  north*. 

3.  At  the  close  of  this  second  series  of  phenomena,  a  gradual 

*  On  a  visit  to  this  spot,  since  the  publicatiou  of  the  "Note  on  the  Geo- 
logy of  tlie  Blue  Monntniu  Escarpment"  in  tbe  'Canadian  Joimud/  ToL  V. 

p.  304,  some  additionai  sets  of  stria  were  observed. 
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uprise  of  the  land  appears  to  have  taken  place^  and  a  vast  area, 
extendine  over  and  around  our  preaent  Iake*basina,  then  became 
oonvartfld  into  a  freabwater  aea.    Thia  nrobably  found  ita  out- 
let to  the  ooean  tbraugb  wbat  ia  now  toe  broad  vaUay  of  the 
lUaaiasippi.   Ita  watera  atood  at  a  great  elevation  above  tbe 
waters  of  our  present  lakes,  and  were  gradually  lowered  to  tbeae 
levels  by  physical  changes  in  tbe  surrounding  country,  and  more 
especially  by  tbe  depression  of  a  bigber  region  lying  to  the  east. 
During  this  gradual  fall  and  retrooeiaion  of  the  great  lake-water|» 
tbe  upper  layers  of  the  Drift  were  re-sorted,  mixed  with  newer 
sediments,  and  thrown  up  here  and  tbere  into  secondary  ridges; 
and  the  remarkable  terraces  which  i'ovm      salient  a  feature  m 
the  general  aspect  of  our  lake  shores  and  intervening  districts, 
were  then  in  chief  part  produced.    The  escarped  faces  of  these 
Drift  terraces,  it  should  be  ub&t^rvcd,  always  front  the  present  lake- 
basins,  and  thus  look  in  some  places  towards  the  north,  and  in 
others  towards  the  souib,  ice,  according  to  the  direction  of  the 
nearest  shores.    This  would  necessarily  arise  if  they  were  pro- 
dnead^  as  here  imagined,  by  a  gradual  lowering  of  tbe  watery 
with  intervening  perioda  of  repoie.    Tbe  abella  of  ftieabiiatar 
moUoflca  buried  in  tbe  modified  Drift,  at  variona  levela  abovB 
the  eiisting  lake-watera,  and  in  localitiea  to  £ur  apart— for  tbeap 
abeila  have  been  found  throughout  tbe  region  south  of  tbelakea. 
In  addition  to  the  loealitiea  mentioned  in  this  paper — prove  in* 
eonteatably  the  former  eipansion  and  union  of  our  lakes,  or,  iQ 
other  words,  the  presence  in  tbia  part  of  Weatem  America,  of  a 
widely-extended  freshwater  sea  covering  an  enormous  area.  A 
curious  circumstance,  and  one  of  great  significance  in  its  bear- 
ings on  this  question,  is  the  fact  tliat  all  the  inclined  layers  of 
modified  Drift  (to  the  east,  at  least,  of  Lake  Supd  ior)  appear  to 
slope  towards  the  west  or  south.   A  remarkable  instance  of  this, 
hitherto,  it  is  believed,  unnoticed,  may  be  seen  near  the  mouth 
of  the  Niagara  nver,  at  Lewiston.    At  this  spot,  oblique  layers 
of  modified  Drift,  in  beds  made  up  of  coarse  gravel  and  pebbles, 
point  nearly  due  south,  and  thus  bear  witness  to  the  i'ucL  that 
the  current  which  occasioned  the  inclined  stratification  must 
have  aet  directly  up  the  gorge,  or  agamtt  ike  diredum  ^  ik9 

The  aaaumntion  of  an  immenae  freshwater  hike  of  thia  eluu 
meter  gradually  falling  from  a  high  level,  neeeaaarily  involvea 

the  additional  aaiumption  of  an  eastern  barrier,  extending  at 
one  period  between  tbe  lake-waters  and  the  Atlantic.  This  view 
was  maintained  by  some  of  the  earlier  investigatoraof  onr  geology, 

and  notably  by  Mr.  Boy,  in  his  well-known  paper  on  the  ter- 
races of  LaKC  Ontario,  communicated  to  the  Geological  Society 
of  London  in  1837.   Tbe  difiSiculty  of  finding  a  aatiifactory  loca* 
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tkm  for  a  barrier  of  this  kind  led  Sir  Charles  li^ell,  bowever^  to 
reject  the  idea  of  an  origiDal  lake  extension,  and  to  refer  t]u| 

formation  of  our  terraces  entirely  to  the  action  of  the  sea  during 
the  slow  uprise  of  the  land  at  the  commencement  of  the  present 
epoch.  Tn  this  he  has  been  followed  by  all  geologists  who  have 
subsequently  examined  these  terraces.  Tlie  difficulty  may  per- 
haps be  surmounted  by  assuminc:  the  earlier  and  greater  eleva- 
tion of  that  portion  of  the  country  lyme:  to  the  east  of  the  gneis- 
soid  belt  which  connects  our  northern  Laurfntian  district  with 
the  Adirondack  Mountains  of  New  York.  The  bubsequeut  de- 
preasiou  of  this  region  would  open  an  eastern  outlet  to  the  lake- 
waters,  and  gradually  lower  these  to  their  present  levels.  Bn^ 
whatever  the  explanation^  the  undoubted  fact  remaina,  that,  «| 
the  close  of  the  I)rift  period,  a  vast  freshwater  sea  extended  over 
the  greater  portion  of  Western  Canada^  and  at  a  level  of  at  lea^t 
500  fe  t  above  the  present  surface  of  Lake  Ontario. 

Whilst  the  moUusca  of  this  ancient  lake  were  identical  with 
existing  species,  its  shores  were  peopled  by  the  mastodon  and 
mammothf  and  probably  by  other  extinct  forms  of  life,  together 
with  various  species  that  still  survive.  A  great  question  remains 
to  be  solved.  Our  gravel  beds  may  perhaps  reply  to  this,  an4 
reveal  to  us  that  here,  as  in  iui rope,  man  and  the  departed  mam* 
moth  once  trod  the  earth  tou'(  ther.  Could  this  be  established, 
the  discovery  would  be  fraught  with  even  deeper  interest  than 
that  vv  liieh  attaches  itself  to  exhumed  human  relics  of  the  ancient 
plains  of  Pieardy  and  the  gravel-beds  of  Suffolk.  Our  Indian 
arrow-heads  are  disentombed  by  hundreds:  the  connecting  link 
of  the  extinct  tooth  or  bone  may  not  be  long  ioi  thcoming*, 

Uuiversity  College,  Toronto,  Canada. 
Marehl6,1861. 


LXY.  On  the  Neutralization  of  Cdmr  in  the  mixtures  of  SotW" 
turn  of  certain  Salte*   By  fuDEBiCK  Field,  FM,SM*f 

I BELIEVE  Maumen^  first  pointed  out  the  fact  that  when 
nitrate  of  cobalt  is  added  to  nitrate  of  nkkel  in  certain  pro« 
portions,  the  green  and  pink  colours  of  the  solution  entirely  dit** 
appear,  and  the  liquid  becomes  colourless,  or  assomea  memy  t 
pale  neutral  tint.   Ever  since  the  mann&ctore  of  the  oxides  ol 

*  Since  writing  the  above,  Albert  Koch's  account  of  the  discovery  of  ths 
Missouri  mastodon  has  come  under  the  author's  notice.  In  this  ftccouatp 
publiahed  in  1841 ,  it  is  stated  that  the  mastodon  bonet  were  found  in  moie 

or  less  immediate  associatioii  with  laree  arrow-heads,  nins  writer 
also  nttc<^t!^  to  the  disrovcr}'  of  t^Tought  implemtntt  in  eonncooon  with 

Edentate  remains  lu  Gai^eonade  county,  Missouri, 
t  Commumcated  by  the  Author. 
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siidcel  tnd  cobalt  from  the  ordinary  ^eUs  by  the  wet  method, 
,  eanried  on  for  many  years  in  Birmingham,  this  phenomenoa 
innat  have  been  obaenred  by  those  employed  in  conducting  the 
process ;  and  to  one  ignorant  of  the  fact,  and  who  has  devoted 
but  little  time  to  this  partienlar  branch  of  chemical  analysis,  the 
solution  of  speiss  must  appear  rather  surprising:,  as,  although  very 
rich  both  in  cobalt  and  nickel,  in  cortaiu  instances  the  solution 
appears  alniost  rlnstitutc  of  colour,  showing  no  trace  either  of  the 
red  of  the  cobalt  or  the  green  of  the  nickel,  rrofessor  Liebig 
(Liebig's  Annalcn,  vol.  xc.  p.  112,  and  Chemical  Gazette,  vol.  xii. 
p.  300),  in  remarking  upon  the  deculunziug  action  of  biuoxide  of 
nianfjanese  upon  glass,  does  not  impute  the  blcachintc  effect  to 
the  oxidation  of  the  protoxide  of  iron  by  the  reduction  ol  the  bin- 
oxide,  as  neither  nitrate  of  potash  nor  other  strongly  oxidizing 
bodiea  effect  the  same  change,  but  to  the  violet  cdmir  impart^ 
to  the  glasa  by  the  manganese  being  complementary  to  the  green 
prodoced  bv  the  iron,  and  hence  the  two  affording  a  colourlesa 
mass.  Ana  that  this  is  the  esse  is  evident,  I  imagine;  for  if 
borax  he  coloured  by  protoxide  of  iron,  the  resulting  glass  fused 
in  a  platinum  crucible,  and  a  little  of  the  same  salt  (previously 
coloured  by  manganese)  cautiously  added,  a  point  is  arrived  at 
vrhere  the  mixture  of  the  two  has  lost  the  individual  tint  of  each 
and  produced  a  nearly  colourless  glass.  Liebig  also  mentions 
thnt  a  concentrated  solution  of  sulphate  of  manganese  having  a 
slight  rose  colour,  added  to  a  solution  of  protosulphate  of  iron 
having  a  pale  green  tint,  affords  a  perfectly  colourless  mixture. 

A  few  experiments  of  my  own  h.u  e  been  extended  to  some 
other  solutions  and  chemical  compounds. 

"When  nitrate  of  cobalt  is  trradually  added  to  a  cold  solution  of 
bicarbonate  of  iuda,  a  bcauLiiul  amethyst-coloured  liquid,  at  times 
almost  approaching  to  violet,  is  produced.  The  ijoluur  has  not 
the  pare  rose-red  of  the  nitrate  or  sulphate  of  the  metal,  but 
has  evidently  a  considerable  portion  of  blue  in  its  composition. 
If  the  fluid  thus  formed  be  divided  into  two  equal  parts,  and  to 
one  of  these  a  few  drops  of  hypochlorite  of  soda  be  added,  the 
liquid  changes  to  an  intense  green  colour,  with  no  trace  of  blue, 
but  a  alightly  yellow  tinge,  vc^  much  the  colour  of  chloride  of 
copper  when  dissolved  in  strong  hydrochloric  acid.  If  the  violet 
and  green  liquids  are  united,  the  mixture  becomes  colourless,  more 
strikingly  so  perhaps  than  by  the  union  of  the  cobalt  and  nickel 
salts  :  the  blue  tint  in  the  bicarbonate  of  cobalt  forms  green  with 
the  slight  yellow  ^liadc  of  tlie  pcroxidized  compound ;  and  this, 
together  with  the  remaiumg  green  of  that  liquid,  is  entirely  neu- 
tralized by  the  pure  rose  colour. 

Dilute  sulphate  of  nickel  (pale  green)  dissolves  crystallisted 
sulphate  of  manganese  (pink),  forming  a  colourless  solution. 
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A  solution  of  permanganate  of  potash  evidently  contains  two 
eolours^  red  and  bloe^  forming  by  their  imidn  the  magnifieeDt 
violet  tint  to  charaeteriatic  of  that  salt  When  a  little  chloride 
of  sodium  ia  added  to  a  solittiQa  of  sulphate  of  eopper,  ddoride 
of  copper  ia  formed  by  double  decompoaition^  and  the  liquid  as- 
sumes a  pure  green  colour.  Permanganate  of  potash  carefully 
added  to  this  compound  cbangea  it  to  a  6ne  bright  blue*  The 
red  tint  ia  neutralised  by  the  green,  and  the  visible  blue  remains* 
The  experiment  can  also  be  performed  by  substituting  the  chlo- 
ride of  copper  for  the  sulphate.  When  the  chloride,  free  from 
acidj  is  dissolved  m  water,  tlie  solutiou  has  a  pale  blue  tint,  and 
the  addition  of  one  drop  of  the  permanganate  causes  a  very  dark 
blue  shade.  If  a  little  acid  be  introduced  into  the  copper  salt, 
c  and  the  permanganate  added  as  before,  a  similar  etTect  is  pro- 
duced, but  in  about  half  an  hour  the  pure  biue  disappears  and 
the  solution  becomes  green.  The  acid  in  this  instance  first 
changes  the  blue  colour  of  the  chloride  into  green,  and  subse- 
quently decomposes  the  permanganate,  and  thus  by  destroying 
toe  red  which  waa  nentnuiied  by  the  green,  aa  wdl  aa  the  blue 
whieh  remained  intact,  the  original  green  tint  becomes  apparent. 

IVhen  permanganate  of  potash  ia  cautiooaly  added  to  a  aolv^ 
tion  of  the  bichromate  of  the  aame  baae,  a  bright-red  liquid  ia 
produced.  The  solutions,  however,  must  be  dilute^  and  carefully 
managed.  The  yellow  in  the  bichromate  forms  a  green  with 
the  blue  in  the  permanganate,  which,  neutralized  by  the  red  in 
both  salts,  would  form  a  colourleaa  solntion^  did  not  an  ezceaa  of 
the  latter  tint  prevail. 

"Most  chemists  must  have  observed  that,  ill  the  estimation  of 
iroTi  by  means  of  permanganate  of  potash,  the  last  drop,  which 
siiows  that  the  reaction  is  complete,  imparts  a  rose-red  to  the 
liquid,  differing  somewhat  from  the  bluish  pink  of  the  perman- 
ganate. The  pale  yellow  of  the  pcrchloride  of  iron  has  combined 
with  the  blue  ui  the  permanganate,  and  the  resulting  green,  not 
sufficiently  powerful  to  destroy  the  whole  of  the  red,  has  left  a 
portion  of  it  visible. 

M«  Terreil  eatimatea  copper  by  the  same  reagent.  The  ca« 
preoua  salt  ia  deoxidized  by  sulphite  of  ammonia,  the  sulphunnia 
acid  expelled  by  ebullition,  and  permanganate  of  potash  added 
until  the  whole  is  converted  into  the  protoxide.  The  difference 
of  tint  which  the  last  drop  of  permanganate  imparta  to  this  liquid 
and  to  that  containing  the  iron  salt,  is  very  apparent.  In  the 
case  of  the  copper  solution  it  is  nearly  blue;  in  the  iron,  pinkish 
red.  These  facts  arc  not  without  their  significance  in  qualitative 
analysis,  Gibbs*  iniornis  us  that  the  bcnutiful  test  for  manirn- 
ncfiCy  first  proposed  by  Mr.  ^Valter  Crum,  by  the  action  of  Uithc 
*  SilUmsa't  Jourual,  September  1862. 
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Viinttte  tfMee:  the  nicm  salt  deitroys,  or  at  ill  eventa  modifies 
iib»  colour  prodooed  by  the  formatbu  of  permaoganic  acid.  If 
•isbalt  ia  preaent^  bowereri  or  a  solution  of  a  salt  of  that  metal 
in  aabBeqaently  added>  the  colour  of  the  aiekel  ia  ntdlified^  and 
that  of  w»  manganeae  becomes  sensible. 
.  When  red  fire,  composed  of  nitnte  of  strontia,  chlorate  of 
•^potash,  &c.,  is  mixed  with  green  fire  containing  nitrate  of  baryta 
And  ignited,  the  re^  crref^n  rays  become  invisible,  anda^  hite, 
or,  rather,  a  bluish-wlute  llumc  is  ])roduccd :  the  crimson  of  the 
strontian  flame  has  a  dash  of  blue  m  its  composition,  and  the 
4fed  being  removed  by  the  green^  is  clearly  shown.  If  a  rose-red 
fire  be  prepared  by  mixing  thirty-fonr  parts  of  carbonate  of  lime, 
fifty-two  of  chlorate  of  potassa,  and  fourteen  of  sulphur,  or  still 
.better,  perhaps,  twenty-three  of  dry  chloride  of  calcium,  sixty* 
one  of  chlorate  of  potassa,  and  sixteen  of  snlphur,  and  tMii 
ignited  with  the  ordinary  green  fire,  pure  white  light  is  prodneedi 


IjXVI.  Rmmrehei  on  aevend  Pkefwrnena  amneded  wStk  the  Po- 
ImuMMtfUffht.   Jly  M.  H.  FkiaoI". 

IT  has  long  been  observed  that  when  a  ray  of  light  ia  received 
on  a  mirror  whoae  surface,  instead  of  being  perfectly  smooth^ 
.la  aeratehed  with  a  fine  pointy  it  ia  no  longer  simply  reflected. 
Ptot  indeed  followa  the  ordinary  conraCj  but  a  conaiderable  por- 
tion  is  dispersed  in  varioua  directions,  aome  of  which  deviate 
greatly  from  that  of  the  regularly  reflected  ray.  We  may  men- 
tion as  an  example  of  this  species  of  phenomenon,  the  atngular 
reflexions  produced  by  surfaces  of  metal,  such  as  brass  and  steel, 
fcc,  which  have  been  artificially  prepared  by  being  rubbed  con- 
tinually in  one  direction  with  emery,  the  hard  angular  particles 
of  which  produce  fine  parallel  scratclies  on  the  surface  of  the 
metal.  The  amount  of  light  dispersed  by  surfaces  so  prepared, 
in  directions  other  than  that  of  the  regularly  rctlectcd  ray,  is  cal- 
culated to  excite  some  surprise;  and  t  is  generally  agreed  to 
attribute  this  effect  partly  to  the  variously  inclined  surfaces  of 
the  minute  furrows  with  which  the  mirror  is  covered,  partly  to 
the  diffraction  caused  by  them  in  conjunction,  acting  as  an  irre- 
gular grating,  and  producing  at  the  same  time,  and  mingled 
with  each  other,  the  phenomena  observed  by  Fraunhofer  with 
aiiDple  gratmga  of  varioua  stracture. 

In  studying  the  light  diapersed  in  thia  manner  with  respect  to 

*  Tnnalslsd  from  the  Comptet  Rendus  for  Febmaiy  18, 1861,  hf  F. 
Outbrie. 
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fM  polteiittioDi  I  have  observed  mwttX  uuxpeeted  uA^  as  I 
telieve^  hitherto  unnoticed  phenomena,  whieh  appear  worthy  of 
the  attention  of  some  of  the  learned  members  of  the  Academy, 
to  whom  I  hasten  to  commnnieate  them. 

Many  observers,  among  whom  I  may  mention  Frannhofer, 
4ir  D.  Brewster,  Foreign  Associate  of  the  Academy,  and  more 
recently  Messrs*  Stokes,  Holtsmann,  and  Lorenz^  have  remarked 
certain  phenomena  of  polarization  in  the  hght  emitted  by  regular 
gratings.  These  phenomena,  however,  seem  to  be  entirely  di* 
stinct  from  those  I  am  about  to  communicate. 

On  a  plate  of  metal,  say  of  silver,  perfectly  flat  and  {)oli.slieJ, 
suppose  a  straight  line  to  be  drawn  with  a  tiue  steel  or  dia- 
mond point,  the  surface  of  the  metal  bein 2;  disturbed  as  little 
as  possible,  and  the  line  so  traced  becoming  tiner  and  finer  by 
degrees  towards  one  cud  until  it  becomes  imperceptible.  If  the 
plate  on  which  the  line  has  been  so  drawn  be  diumiuated  very 
obliaaely,  and  in  a  direction  perpendicular  to  the  line,  tiie  latter 
^  be  visible  in  every  position  comprised  in  the  common  plane 
of  in^dence  and  refleiion,  except  its  thin  end,  which,  from  its 
great  tenuity,  will  be  imperceptible.  If  the  plate,  illominated 
in  the  same  manner,  be  placed  in  the  field  of  a  microscope,  a 
mneh  larger  portion  of  the  thin  end  of  the  line  will  be  visibli^< 
the  amount  depending  on  the  power  of  the  lenses  employed. 

Under  these  circamstances,  the  plate  being  viewed  perpendi- 
^larly  to  its  surface,  if  a  doubly-refracting  analysing  prism  be 
placed  between  the  eye  and  the  eyepiece  of  the  microscope,  the 
different  intensity  of  the  ordinary  and  extraordinary  images  at 
onct  indicates  that  the  litrht  emitted  by  the  brilliant  line  thus 
drau  o  is  more  or  less  polarized, — the  amount  of  polarization 
being  greatest  towards  the  fine  end  of  the  line,  and  the  plane  of 
polarization  beint;:  paralK  1  to  the  direction  of  the  line.  Lines 
produced  in  vaiiouji  ways  weic  obsci  ved,  and,  piuvidcd  tliey  were 
Sufficiently  fine,  always  with  the  same  result. 

It  was  observed,  moreover,  that  the  plane  of  pobuuation,  whieh 
was  always  parallel  to  the  lines  at  their  thinnest  extremitiesi  waa 
perpeudicnlar  to  them  where  they  were  a  little  broader,  and 
became  altogether  imperceptible  towards  their  thieker  ends* 

On  varying  the  angle  of  incidence  of  the  hght  on  the  plate 
and  the  angle  at  which  the  hnewas  viewed,  which  could  be  done 
within  certain  limits,  depending  on  the  shape  of  the  microscope, 
by  inchning  the  plate  and  shifting  the  position  of  the  sonroa  of 
light,  certain  changes  were  observed  in  these  phenomena,  of 
which  the  following  are  the  principal. 

The  plate  being  still  observed  normally,  if  the  line  be  illumi* 
nated  less  and  less  obliquely,  tlic  source  of  light  being  brought 
nearer  to  the  eyepiece  of  the  microscope,  the  amount  oi  polari^ 
zation  rapidly  decreases  and  soon  becomes  insensible. 
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If  the  plate  be  iUuminated  perpendicularlyi  but  obterved  feiy 
obliquely  though  perpendicularly  to  the  line,  the  phenomena  are 
the  same  as  in  the  first  case,  the  light  reflected  from  the  finest 
extremity  of  the  line  being  atill  polanted  in  the  direction  of  the 

line  itself. 

If  the  plate  be  kept  in  the  same  position  ns  iu  the  last  case, 
but  the  source  of  light  be  brought  ncait  r  to  the  eyepiece,  so  that 
the  plate  is  both  observed  and  jiiuimnatcd  o])liqueIy  and  nearly 
in  the  same  direction,  the  polarization  of  the  bright  line  is  much 
increased,  not  only  the  fine  end  polarizing  the  light  parallel  to 
itself,  but  the  same  species  of  polarization  being  observed  towards 
the  thicker  part  of  the  line  where  the  light  was  formerly  polarized 
in  the  opposite  direction,  and  even  where  the  light  was  previously 
unaffected. 

,  The  distinct  polarizing  power  of  single  lines  trsced  on  a  silver 
snrface  having  been  thus  demonstratedy  it  vras  easily  foreseen  that 
the  same  property  would  be  possessed  by  the  innumerable  Btri» 
produced  on  metallic  surfaces  by  rubbing  them  with  a  body 
covered  with  some  hard  sub.^tance  reduced  to  a  fine  powder;  and 
it  was  anticipated  that  the  large  namber  of  these  lines  would 
compensate  for  the  want  of  brilliancy  in  each  individually,  so 
that  the  phenomena  would  be  visible  without  the  need  of  « 
microscope. 

On  a  silver  surface,  a  stiaight  striated  band  about  2 
centims.  broad  was  acmrdingly  traced  by  means  of  a  ruler  and 
a  piece  of  cork  charged  with  emery*.  The  striated  band  thus 
produced  exhibits  in  the  most  striking  manner,  on  account  of 
the  intensity  of  the  light  rcHeetcd,  the  plienomena  of  polariza- 
tion before  ob&erved  in  the  case  of  biuglc  lines. 

If  the  striated  band  be  placed  under  the  microscope  and  illu- 
minated obliquely,  innumerable  lines  are  observed  of  different 
degrees  of  brightness  and  of  varions  coknrs,  due  no  doubt  to 
accidental  phenomena  of  diffraction  and  interference :  nearlv  all 
these  lines  polarise  the  light  in  their  own  direction,  some  of  the 
thicker  ones,  however,  produce  the  opposite  effect. 

If  the  striated  band,  instead  of  being  straight,  is  in  the  form 
of  an  src  of  a  circle  of  about  50  centims.  radius,  and  if  the 
surface  of  the  plate  be  honsontal,  and  the  source  of  light  be 
placed  vertically  above  the  centre  of  the  band,  at  such  a  distance 
from  the  plate  that  the  incident  lii^ht  may  make  on  angle  of 
from  (30  to  80  clrcrees  with  the  normal,  then,  the  eye  bcuig 
placed  behind  the  source  of  light  a  little  on  one  side,  and  being 

*  Emery  powder*  No.  40  of  the  opticiRns,  answers  very  well  for  these 
experiments,  the  mefln  <linmetor  of  \u  particles  being  about  j^tt  Tnil'ini. 
Emery  powder  No.  1*0,  ordinar^r  Tripoii,  or  English  red  may  alto  be  em- 
ploye*'. 
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shaded  fiuai  the  direct  rays  by  means  of  a  small  screen,  the 
striated  band  will  appear  illuminated  throughout  the  entire  arc, 
and  tke  reflected  light  may  be  observed  directly  by  means  of  an 
aoalvaer^  which  cantes  it  to  appear  akemately  more  or  less  bright. 
^  -  The  polariiation  thus  produced  does  not  seem  to  depend  on 
the  nature  of  the  metal  of  which  the  plate  is  formed.  Gold^ 
platinum,  copper,  steel,  brass,  speculum  metal^  aluminium,  tin^ 
kc.,  have  been  substituted  for  silver ;  and  all  these  metals,  when 
'  suitably  striated,  have  presented  the  same  phenomena  without 
sensible  difference,  except  with  regard  to  the  colour  of  the  iicht 
polarized  by  reflexion. 

Metals  which  tlicmselvcs  possess  least  colour,  give  reflexions 
tiuged  with  yellow,  which,  wlirn  most  oblique,  become  bronze; 
while  in  the  case  of  metals  that  have  a  marked  colour  of  their 
own,  the  reflexions  possess  the  same  tinge,  and  soiiictimrs,  indeed^ 
in  a  stnkuig  degree,  as  is  the  case  with  copper  and  gold. 

I  should  mention  here  that  the  striated  bands  on  silver  and 
copper  and  some  other  metals  are  very  brilliant  when  they  have 
recently  been  made,  but  that  they  diminish  in  intensity  on 
account  of  the  action  of  the  vapours  accidentally  present  in  the 
atmosphere.  GoM  and  platinnm  are  of  course  exempt  from  this 
inconvenience. 

Nott*metallic  substances  present  similar  phenomena,  but, 
their  reflexions  are  so  dull  that  the  observation  is  often  un- 
certain. Polarization  parallel  to  the  lines  has  nevertheless  been 
clearly  observed  with  a  plate  of  specular  iron  and  with  one  of 
obsidian,  both  of  which  I  owe  to  the  kindness  of  M.  de  Senar- 
mont.  With  some  precautions  the  phenomenon  may  even  be 
observed  with  a  j)late  of  glass. 

riiially,  the  groups  of  lines  on  silver  and  copper  surfaces  have 
been  nioukhd  with  black  wax,  guni-lac,  and  even  with  galvanic 
COp}i(  r  ;  and  the  impressions  so  obtained  presented  to  all  appear* 
ance  the  s:iiiie  phenomena  as  the  surlace  actually  furrowecf. 

Among  the  various  experiments  that  were  tried,  I  may  men- 
tion the  case  of  a  scratched  melal  surface  which  at  first  gave  a 
reflexion  distinctly  polarized  parallel  to  the  lines,  but  which  was 
afterwards  covered  with  varnish.  Under  these  circumstances  the 
polarization  became  hardly  sensible— a  result  which  seems  most 
naturally  explicable  on  the  ground  of  the  change  of  the  direction 
of  the  rays  owing  to  the  refraction  of  the  varnish,  which  pre- 
vented the  incident  light  from  impinging  at  thst  angle  which  is 
required  to  produce  tlie  polarisation  in  question.  In  fact,  when 
glass  plates  differently  cut  were  fastened  to  the  striated  plate  by 
means  of  a  varnish  of  turpentine  or  Canada  balsam,  the  polar- 
ization was  immediately  reproduced  in  the  refracting  substance 
whenever  the  direction  of  the  ray  was  such  that  the  phenomenon 
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Would  have  been  produced  in  the  air.  It  is^  howeTer,  well  known 
that  imtmrnentt  oonstraeted  of  brass,  copper,  and  bronie,  which 
ire  rendered  brilliant  by  polishing,  are  generally  covered  with  a 
coat  of  vamiiih  for  the  purpose  of  preserving  the  brightness  ef 
the  metal,  and  there  is  therefore  no  reason  for  surprise  that  the 
refiezions  from  these  metals,  however  bright  they  may  be,  prok 
aent  no  sensible  polarization*  When  these  surnees  have  not 
been  varnished,  and  when,  moreover,  tbcy  have  been  obtaiaed 
bylhe  aetion  of  polishing  substanees  not  too  coarse,  the  pheno- 
mena are  invariably  obscrrcd. 

No  Tfif^Tition  lias  yet  been  made  of  the  light  rrn:ubr]y  retlccted 
by  a  striated  surface.  In  this  dire(  tion  the  observation  :s  not 
so  ea^y,  because  the  rays  reHected  by  the  furrows  raingh^  witli 
those  retiected  from  the  smooth  surface  of  the  mirror.  Never- 
theless, on  observing  with  a  microscope  single  Hues  suitably  illu- 
minated, a  seuiible  pohirization  may  be  detected  which  varies 
little  with  the  angle  of  reflexion ;  but  what  is  strange  is  that  the 
direction  of  this  polarization  is  opposite  to  that  which  is  produced 
in  the  fbrmer  ease,  being  perpenmcidmr  to  the  lines  on  the  sur- 
fhee.  The  same  fhct  may  even  be  observed  on  regardhig  a  stri* 
tted  sttrfaoe  directly  by  means  of  an  analyser.  In  this  ease, 
to  render  the  phenomenon  sensible,  it  is  sufficient  to  trace 
two  bands  of  lines  at  right  angles  on  a  silver  suifaee,  and  to 
observe  the  reflected  rays  almost  normally,  the  source  of  light 
being  a  white  surface  equally  illuminated.  The  direction  of  the 
lines  being  perpendicular  in  the  two  bands,  and  each  band  po- 
larizinsr  the  liirht  ptTpcndirularly  to  its  direction,  it  rpsnlts  that 
thn  i\\<)  bands  give  opjxj.site  polarizatinn?!,  and  that  the  phe- 
nomenon  becomes  more  sensible  by  contrast. 

The  same  effect  may  be  observed,  withont  much  difference, 
whether  the  incident  rays  are  normal  or  more  or  less  oblique,  the 
reflected  ravs  invariably  possessing  a  partial  polarization  sensibly 
perpendicular  to  the  direction  of  the  lines. 
'  This  phenomenon  is  rendered  very  obvious  on  striating  a  space 
Of  some  centimetres  diameter  on  a  polished  plate  hj  means  of  a 
lathe ;  the  portion  covered  with  ooncenlTHS  lines,  being  regarded 
Mth  an  analyser,  presents  two  daric  tufts  similar  to  the  tnfta  dl8> 
covered  by  M.  Haidinger. 

This  phenomenon  may  be  rendered  still  more  visible  by  uni- 
fonnly  furrowing  the  entire  surface  of  two  minors,  placing  them 
parallel  and  opposite  to  each  other,  and  causing  light  to  be 
reflected  repeatedly  from  one  to  the  other:  at  each  of  these 
reflexions  an  additional  portion  of  light  is  polarized;  so  that 
after  ppveral  rctlexions  in  a  direction  which  may  br  as  near  the 
normal  as  possible,  the  polarized  light  greatly  exceeds  the  non- 
polarized in  (quantity. 
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Thts  polarization  of  the  re;j:iilarly  reflected  ray  may  be  ob- 
served with  different  nictaU  without  sensible  modification^^ — -the 
metals  which  have  the  least  effect  in  producing  ordinary  pokui- 
iation,  such  as  gold  and  silver,  giving  results  sensibly  the  same 
AS  those  produced  by  the  metals  that  polarize  the  most,  such  as 
plBtinam  and  line.  This  result  seems  to  preclude  its  (torn  attri* 
outing  these  efleets  to  partial  pcduisation  by  the  sides  Uie 
totows^  whieh  is  the  first  idea  which  natunuly  occurs  to  ns^ 
Such  leteioos  appear  at  least  not  to  be  the  pnncipal  cause  of 
the  phenomenon. 

'  tn  order  to  advance  another  step  in  the  study  of  these  singular 
phenomena^  it  was  necessary  to  ascertain  the  exact  dimensions 
of  the  email  furrows  which  possess  properties  so  singular.  For 
this  purpose  recourse  was  had  to  exceedingly  thin  layers  of 

silver  deposited  on  ^lass  from  eertf\in  chemical  solutions,  and 
which  may  not  only  be  used  to  replace  the  tin  amalgam  for  ail- 
veriug  looking-glasses,  but  have  even  been  employed  with  suecess 
by  M.  Foucault  in  the  construction  of  a  new  species  of  telescope. 

The  first  glass  plate,  A,  wa8  covered  with  a  very  thin,  though 
still  perfectly  opake  layer  of  silver,  and  a  straight  band  of 
etiitg  was  piuduccd  ou  the  metallic  surface  by  means  of  a  piece 
of  cork  covered  with  very  fine  emery.    This  band  presented  the 

I phenomena  above  desenbed,  vis.  pdarisafton  of  the  dispersed 
ight  parallel  to  its  own  direction^  and  polarisation  of  the  refledted 
light  perpoidiciilar  to  the  same.  Oa  examining,  by  means  of 
the  mierosoope,  the  state  of  the  striated  layer  by  transmitted 
light,  it  was  easy  to  perceive  that  the  furrows  had  not  in  general 

gmetiated  through  the  metallic  layer^  some  deeper  than  tim  vest 
rming  exceptions. 

In  order  to  ascertain  the  thickness  of  the  metallic  layer,  a 
piece  of  iodi!ie  was  placed  on  one  point  of  the  surface,  and  the 
coloured  rmgs  due  to  the  film  of  iodide  of  silver  produced  by 
the  evaporation  of  the  iodine  were  sutfered  to  spread  from  this 
point,  which  itself  became  completely  transparent^  owing  to  the 
chan[;c  of  the  silver  layer  throughout  its  entire  thickness  into 
yellow  iodide.  From  the  part  where  the  silver  had  not  been  m 
any  degree  ati'ected  by  the  emanations  of  lodme,  to  the  transpa- 
rent spot  of  iodide,  there  was  a  series  of  coloured  rings  commen- 
cing with  whitOi  and  which,  on  being  observed  throng  a  red 
glass,  appeared  to  be  nine  in  number.  The  series  terminated  in 
the  middle  of  the  ninth  brilliant  ring.  The  index  of  refraction 
of  the  iodide  of  silver  being  2 -246  (as  deduced  from  the  angle  of 
polarization,  which  was  66°),  the  ninth  bright  ring  gave  for  the 
iodide  of  silver  a  thickness  of  millim.  From  the  thickness, 
composition,  and  known  density  of  the  iodide,  the  thieknass  of 
the  layer  of  silver  was  calculated  to  be  niiUim* 
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.  A  second  glus  plate,  wai  oomed  with  nlm-kafj  optU 
like  the  former^  exceot  for  ravs  of  more  than  a  certain  degree  of 

intensity ;  for  on  looking  at  the  suu  through  this  plate^  the  bodv 
of  that  luminary  waa  visible,  stripped  of  his  ravs^  and  of  a  rich 
blue  colour.   I  am  pemuaded  that  thia  silver-leaf  contained  a 

small  quantity  of  gold* 

The  metallic  BuHace  bo  produced  waa  found  too  unequal  and 
too  loosely  adherent  to  the  glass  to  be  scratched  with  emery  like 
the  former.  On  being:  rubbed^  however,  with  pure  cotton,  the 
polarization  of  the  diS|)erscd  light  was  very  distinct.  Under  the' 
mier(^cope  it  appeared  to  be  torn  in  every  direction,  so  that 
nothinc^  could  be  inferred  from  this  experiment ;  nevertheleas, 
for  the  sake  of  comparison,  the  thickness  of  the  raetal  was  deter- 
mined by  the  same  means  as  bei'ore.  In  this  case  the  rings  were 
four  in  number,  the  layer  becoming  transparent  in  the  middle 
of  the  fourth^  whence  it  was  concluded  that  the  thickness  of  the 
metal  was  not  more  than  millim,  Thia  extreme  tiimoeaa 
of  heaten  silver-leaf  agrees  with  what  we  know  with  respect  to  the 
gold  leaves  used  in  gilding;  these  leaves,  which,  aa  ia  well  knovm, 
are  transparent  and  of  a  green  tinge,  have  a  medium  thickness 
<^  about  Yo!uoo  i>>>UiiD**  ^  1  ascertained  by  weighing  measured 
quantities  tit  them.  Three  difeent  specimens  gave  the  values 
0<K)0108,  0*000095,  and  0*000091  millim. 

Returning  then  to  the  employment  of  glass  plates  covered 
with  a  layer  of  silver  chemically  deposited,  one  waa  <d)tained 
(which  we  will  call  C)  not  bo  thick  as  the  former,  as  was  proved 
by  its  greater  transparency.  The  light  transmitted  by  this  plate 
was  of  a  greyish  blue,  the  refiectcd  Yi^ht  of  a  yellowish  blue, 
with  this  property,  that  towards  the  angle  of  maximnm  polariza- 
tion it  became  of  a  pure  biue  for  light  polarized  normally  to  the 
plane  of  reflexion.  The  rings  of  iodide  formed  on  this  surface 
terminated  m  the  middle  of  the  second  bright  line,  beyond  which 
the  layer  was  completely  transparent,  from  which  it  was  con- 
cluded that  the  thickness  of  the  silver  layer  was  -  \ „  „  millim. 

'2  7 .2  0  0 

This  metallic  film,  when  scratched  with  the  same  emery  as  the 
former,  polarized  the  dispersed  light  very  distinctly.  On  being 
examined  microscopically,  a  very  large  number  of  the  furrows 
seemed  to  have  penetrated  through  the  metal ;  but  the  majority 
did  not,  and  consequently  must  have  been  less  than  si^soo 
millim.  deep.  It  was  ascertained  also  that  the  lines  which,  when 
illuminated  ohliquely,  produced  a  distinct  polarisation  in  their 
own  direction,  were  of  the  latter  kind. 

Lastly,  a  fourth  layer  of  silver,  D,  was  prepared  thinner  than 
all  the  others ;  it  was  more  transparent  than  the  last,  and  the 
light  reflected  by  it  po5?e«'?('d  the  same  properties  to  a  greater 
degree.    Scratched  like  the  former,  the  dispersejd  light  waa 
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feebler,  but  still  quite  sensible  and  polarized  as  before.  Oa 
bemg  viewed  with  the  microscopei  it  was  found  that  the  number 
of  furrows  that  penetrated  entirely  through  the  metal  was  much 
greater  than  before ;  but  that  the  polarization  of  the  dispersed 
light  was  still  due  solely  to  those  strise  which  were  merely  super- 
ficial, and  consequently  were  less  than  j^^q  millim.deep^ — such 
being  the  thickness  of  the  silver,  as  estimated  by  the  coloured 
rings  of  iodide,  which  terminated  in  the  middle  of  the  first  dark 
line. 

A  general  view  of  the  results  just  described  nnturally  leads 
one  to  anticipate  that  light  may  suffer  changes  of  tlic  same  nature 
as  that  above  described  when  it  traverses  extremely  tine  slits. 
The  experiments,  with  a  description  of  which  I  am  about  to  close 
this  memoir,  prove  that  thiji  is  tlie  ease,  and  that  under  these 
circumstances  also  phenomena  are  produced  closely  related  to 
the  preceding. 

.  It  ia  well  known  that,  to  reproduce  certain  ezperimenta  of 
interference  and  refraction,  amall  inatramenta  are  eonatrueted 
which  are  to  be  found  in  all  physical  eabineta :  theae  are  ilita 
with  narrow  walla  and  straight  parallel  edges,  which  can  be  ap- 
proximated to  each  other  from  a  distance  of  several  millimetrea 
to  actual  contact.  If  a  pencil  of  light  be  suffered  to  pass  through 
such  a  slit^  the  opening  of  which  has  been  reduced  to  such  a 
degree  as  to  suffer  but  a  trace  of  the  light  to  pass,  the  emergent 
ray  is  invariably  observed  to  be  polarized  in  a  direction  perpen- 
dicular to  the  slit,  the  polarization  being  atronger  in  proportion 
as  the  slit  is  uarrower. 

If  a  veiy  bright  light  be  employed,  and  if  the  observation  be 
conducted  with  a  microscope,  openino^s  still  narrower  may  be  ob- 
served ;  and  by  slightly  inclining  one  edge  to  the  other,  a  slit 
may  be  obtained  in  the  field  of  the  microscope  which  grathmlly 
decreases  until  the  edges  actually  meet.  Now  in  this  case  the 
light  which  passes  near  the  point  of  contact  is  almost  entirely 
polarised  in  a  direetkm  perpendicular  to  the  alit. 

This  phenomenon  was  at  first  attributed  to  the  repeated 
reflexiona  of  the  light  from  one  side*  of  the  alit  to  the  other, 
reflexions  which  necessarily  give  rise  to  several  phenomena  of 
polarization ;  but  we  shall  sec  directly  that  there  are  eircnm- 
stances  hard  to  reconcile  with  this  explanation. 

The  first  triala  were  made  with  a  slit  whose  edges  were  of 
brass ;  steel,  copper,  ^d,  lestly,  silver  were  substituted  for  this 
metal:  the  phenomenon  was  but  little  modified,  and  that  in  a 
way  which  by  no  means  agreed  with  the  polarizing  power  of 
these  different  metals.  Silver,  for  example,  which  by  itself  has 
but  little  polarizing  power,  polarizes  almost  compieteiv  the  light 
which  traverses  a  very  narrow  slit  of  which  it  forms  the  aides. 


Digitized  by 


44A   On  PhmmmuL  evmeeled  w^kiki  Pokaizaium  of  Light. 

Moreover,  in  reducing  the  thickness  of  the  sides  so  as  to 
render  them  mrrc  edges,  the  phrrinnunon  is  equally  produced, 
and  it  then  bt  comes  difficult  to  unagme  the  existence  of  reiiexion^ 
sufficiently  iminerousto  cause  the  observed  effect. 

Bodies  of  the  most  dissimilar  nature,  so  dis]u)s(  (]  as  to  present 
a  narrow  slit,  give  rise  to  the  same  phenomenon,  provided  the 
sides  of  the  slit  be  well  polished.  Flint,  glass,  obsidian,  ivory, 
fluor-spar^  have  in  this  respect  afforded  almost  the  same  result. 

Uavuig  olMerved  that  the  edg^  of  the  slit  require  to  be  well 

Soltthed,  which  agrees  with  the  theory  that  the  polanzatibn  is 
ue  to  repeated  reflezioDS^  the  effect  of  removing  this  cause  of 

KlarisatioQ  was  tried,  the  edges  of  the  slit  being  covered  with 
npblack.  Under  these  circumstanoes  the  polarisation  was 
entirely  destroyed^  and  the  idea  of  repeated  reflexions  seemed 
thus  to  be  confirmed,  only,  however,  to  be  again  overthrown ; 
siuce  on  restoring  the  polish  of  one  side  only,  the  other  being 
still  covered  with  lampblack,  the  polarization  reappeared  di- 
stinctly, and  in  this  case  the  existence  of  repeated  reflexions 
seemed  impossible.  This  rxprrinu-nt,  taken  in  conjnTiction  with 
the  precedincr,  seems  to  show  that  there  is  aomo  particular  cause 
for  the  phenomenon. 

In  order  to  throw  some  lif^ht  on  this  subject,  the  attempt  was 
made  to  examine  the  phiMumcnon  when  the  li^ht*  undergoes 
total  reflexion  from  tlic  sides  of  the  slit,  such  reflexion  haviogi 
as  is  well  known,  no  polarizing  effect. 

After  several  nnsnccessful  attempts,  no  better  method  was 
discovered  than  that  of  observing  the  edge  of  a  soap-bubble 
formed  in  a  straight  tube.  Under  these  dreumstances  the  soaii* 
bubble  forma  a  very  thin  film  of  liquid  at  the  centre,  perpenoi- 
cular  to  the  ads  of  the  tube,  and  terminated  by  two  opposite 
concave  menisci.  Placing  this  under  the  microscope  and  ilia* 
iniiiating  it  properly,  it  was  easy  to  distinguish  through  the  walla 
of  the  tube  a  bright  line,  formed  by  the  light  that  had  traversed 
the  film,  either  directly,  or  having  undergone  none  but  total 
reflexions  from  its  sides. 

When  the  bubhlr  was  thick,  the  light  thus  transmitted  exhip 
bited  no  sensible  polarization ;  but  when  the  bubble  was  suffi- 
ciently thin  to  give  rise  to  coloured  rings  by  reflexion,  par- 
tial polarization  was  invariably  found  present  in  the  bright  line, 
the  plane  of  polarizatiou  being,  as  before,  perpendicular  to  the 
direction  of  the  slit.  This  observation  was  repeated  in  various 
ways,  and  always  with  the  same  result.  * 

rinally,  the  slits  in  the  thin  layers  of  gold  and  silver  men- 
tioned above,  were  examined  with  regard  to  the  above  phenomena. 

Leaves  of  beaten  gold  were  at  first  examined  with  the  micro* 
scope :  th^  presented  numerous  rents  and  alits  that  ofiered  m 
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particular  cbaraeteiiatics ;  but  in  some  of  the  leaves^  espeeiiiUy 

m  their  thicker  parts,  natural  fiasures  were  discovered  ex- 
tremely narrow,  rertainly  less  than  ij^YiJ)  ^ill'^-  across,  which 
were  clearly  polarized  ,  especially  towards  their  narrowest  ends,  the 
plane  of  polarization  being,  as  before,  perpendicular  to  the  direc- 
tion of  the  slit.  These  polarized  slits  are  i  ather  rare  in  gold- 
leaf  ;  and  I  never  found  them  in  the  thinner  and  more  transjia- 
rent  parts,  but  only  in  those  whose  thickness  cannot  be  much 
ies^s  than  j^-q^  miUini.  This  property  seems  to  indicate  that 
the  phenomenon  is  only  produced  when  the  layers  have  a  certain 
thickness,  below  which  it  is  insensible. 

The  same  condosion  was  come  to  on  observing  the  thin  lavert 
of  silver  already  mentioned.  In  fact  layers  C  and  which 
were  excessively  thin  and  transparent,  exhibited  no  sensibly 
polarisation  even  in  their  finest  sHts ;  while  the  somewhat  thicker 
and  more  opake  layer  A,  whose  thickness  amounted  to 
milUm.,  exhibited  the  phenomenon  in  a  remarkable  manner,  ana 
with  certain  curious  peculiarities.  Some  of  the  narrowest  of  the 
lines  which  penetrated  through  the  entire  thickness  of  the  metal 
were  polarized,  some  partially,  others  almost  totally,  the  plan6 
of  ]iolarization  being  still  perpendicnlar  to  their  length.  On 
employing  solar  light,  the  phenomenon  of  coloured  li^ht  appeared 
in  conjunction  with  that  of  polarization;  for  on  observing  the 
polarized  lines  with  a  doubly-refracting  prism,  the  two  images 
appeared  in  certain  cases  of  complementary  colours. 

I  believe  I  have  now  communicated  the  principal  facts  wbicl^ 
I  have  discovered  relatively  to  the  polarization, 
1*  Of  %ht  dispersed  from  furrowed  metal  surfaces, 
9.  Of  the  rays  regularly  reflected  by  such  surfaces, 
8.  Of  light  which  has  traversed  very  narrow  slita. 
With  the  permission  ^  the  Academy  I  shall  for  the  present 
content  myself  with  the  foregoing  statement  of  facts,  without 
entering  on  the  premature  and,  as  yet,  uncertain  question  of  th^ 
causes  and  connexion  of  the  phenomena  above  detailed. 


LXYIL  On  tka  Cubical  Compressibility  of  cerimn  ioUd  Humth 
geMtm  Bodiit,   By  M.  G.  Wkrthsim** 

IN  1848  I  published  a  memoir  on  the  proporim  hetweeil 
the  elongation  and  transverse  contrsction  oi  a  homogeneona 
isotropic  dastic  har  when  subjected  to  longitudinal  traction. 
After  naving  called  attention  to  the  fact  that  the  value  of  this 
ratio  as  determined  by  Poisson's  analysis,  vis.  ^,  hdd  never  hestt 
confirmed  by  any  conclusive  experiments,  I  shewed  in  the  case 
of  certain  suhstanoes  which  I  was  enabled  to  aubmit  to  diNCt 

*  Translated  from  the  Con^tet  Rendus,  vol.  li.  p.  969, 


A 

Digitized  by  Coc^e 


448      M.  G.  Wertheim  on  the  Cubical  Compremhiliiy 

experiment  by  means  of  i  method  susceptible  of  almost  anj 
degree  of  aecaracy^  that  tbis  ratio  was  redly  ^.  Subsequent 
experiments,  less  airect,  but  made  on  a  greater  variety  of  bodies^ 
bave  confirmed  this  resolt. 

These  researches  have  given  rise  to  numerous  discussions. 
Several  distlnprnislied  geometricians,  without  repeating  my  crpe- 
rimcnts,  and  without  di*;putuig  their  accuracy,  have  endeavoured 
to  bring  them  into  accordaiK^e  with  the  ancient  theory  by  vari- 
ous and,  unfortunately  also,  very  arbitrary  hypotheses.  I  shall 
shortly  meution  and  discuss  these  hypotheses  before  describing 
my  new  experiments  on  this  subject. 

In  a  mcuioir  published  shortly  after  mine,  ^^L  Clnusius  ex- 
pressly acknowledged  that  the  botlicis  on  which  1  had  experi- 
mented TOAj  be  considered  as  truly  homogeneous  and  isotropic ; 
but  be  tbmks  that  the  secondary  elasticity  discovered  by  M. 
Weber  in  s3k  threads,  and  which  I  bavn  observed  in  several 
organic  bodies,  may  serve  to  explain  tbis  dissgreement  between 
experiment  and  the  ancient  theory.  This  secondary  action  being 
added  to  the  trne  or  primary  elongation,  will  give  rise  to  an  ex- 
cessive actual  elongation,  the  numerator  of  the  fraction  being 
thas  increased  to  such  a  degree  that,  though  really  equal  to  \ 
when  only  the  primary  elongation  is  considered,  it  in  fact  ap- 
proximates to  ^. 

Atrainst  this  explanation  it  may  be  objected,  in  the  first  place, 
that  it  is  founded  on  a  fact  absolutely  hvpothetieal,  no  one 
having  yet  observed  this  secondary  action  either  in  metals  or  in 
glass,  which  are  the  only  budies  I  experimented  on.  Some  ex- 
periments of  M.  Weber  arc,  it  is  true,  appealed  to,  according  to 
wliich  the  transverse  note  produced  by  a  metallic  wire  which  has 
been  suddenly  stretched,  becuuiei  lower  for  several  seconds. 
Seebeck  has  in  fact  endeavoured  to  explain  this  phenomenon  on 
the  gronndof  the  secondary  action  above  mentioned — contrary, 
however,  to  the  very  plausible  opinion  of  M.  Weber  himself,  who 
attribute  it  solely  to  the  diminution  of  the  temperature  of  the 
wire  produced  by  its  elongation,  and  its  gradual  return  to  the 
temperature  of  the  surrounding  atmosphei'e.  But  even  admit- 
ting the  hypothesis  of  M.  Seebeck,  this  lowering  of  the  note 
is  at  all  events  far  too  small  for  its  corresponding  secondaiy 
elongation  to  account  for  the  numerical  result  of  my  experiments; 
and  jM.  Clausius  is  therefore  obliged  to  suppose  that,  in  the  ease 
of  metals,  this  spcrics  of  elongation  principally  tal^es  j)kee  during 
the  tirst  quarter  of  a  second,  and  conseqnentlv  produces  no  sen- 
sible etFect  on  the  note  iMit  the  primary  action  itself  not  being 
instantaneous,  how  is  it  possible  to  fix  the  limit  of  time  beyond 
which  the  effect  ought  to  be  considered  as  secondary  ?  It  is  thus 
that  hypotheses  accumulate. 
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A  still  graver  objection  to  this  hypothesis  is  that,  contrary  to 
all  our  theoretical  notn)us  and  all  the  results  of  experience,  we 
should  be  obliged  to  suppose  that  this  sec  ndaiy  elongation 
produces  no  corresponding  transverse  contraction,  since  other- 
wise the  ratio  between  the  two  observed  quantities,  namely  the 
totid  longitudinal  elongation  and  the  total  Li  ansverse  contraction, 
would  always  remain  that  indicated  by  the  ancient  theory. 

I  bare  been  obliged  to  enter  into  tbeae  details  in  consequence 
of  tbe  perseverance  with  which  certain  physicists  have  for  twelve 
years  opposed  this  theory  to  mine^  and  the  manner  in  which 
they  insist  on  treating  as  a  demonstrated  scientific  truth  that 
which  M.  Clausius  himself  only  regarded  as  a  h3rpothesis,  and 
one  indeed  to  which  no  great  importance  was  to  be  attached. 

MM.  Lam^  and  Maxwell  admit  that  the  ratio  above  defined, 
or^  what  comes  to  the  same  things  the  ratio  between  the  cubic 
and  linear  compressibilities,  may  vary  in  different  substances. 
Experience  nlone  can  determine  whether  this  is  the  case,  as  I 
have  not  fiult  d  to  remark,  both  in  my  original  memoir,  niul  in 
several  of  those  1  have  since  published.  M.  Verdet  is  therefore 
wrong  in  asserting,  as  he  does  in  the  extract  of  a  memoir  which 
we  shall  have  to  discuss  hereafter,  and  of  which  M.  Kirchhoff  is 
the  author,  that  I  have  "  r  ndi  a\ ourcd  to  show  by  numerous  ex- 
periments that  this  ratio  lia^  iu  all  bodies  the  same  constant 
value  J."  On  the  contrary,  while  affirming  and  maintaining 
tbe  exactitude  of  this  value  for  those  bodies  which  were  the 
subject  of  my  researches^  I  excluded  those  not  yet  submitted  to 
experiment. 

According  to  an  interesting  experiment  made  by  M.  Clapeyron 

\  ♦ 
on  vulcanised  caoutchouc^  the  fraction     instead  of  being  equal 

to  1  according  to  the  ancient  theory,  or  2  as  my  experiments 

require,  attains  in  the  case  of  this  substance  the  enormous  value 
of  2201 ;  this  fact,  to  which  we  shall  return  hereafter^  seems  to 
me  to  be  explained  by  the  results  of  the  present  memoir. 
Contrary  to  the  opini<m  of  M.  Clausius,  M.  de  Saint-Yenaut 

attributes  the  disagreement  between  the  results  of  my  experi- 
ments and  the  ancif-nt  theory  to  a  want  of  isotropism  in  the  bodies 
on  which  1  experimentrd  :  the  author  thinks  "  that  there  are  as 
many  species  of  nieciianical  homogencousness  as  tbrre  are  of 
possible  curvilinear  systems  of  coordinates,  or  of  systems  of  con- 
jugate orthogonal  surfaces" — in  fact,  that  we  may. imagine  as 
many  species  as  we  please  of  non-isotropic  homogencousness; 
but  what  he  iias  failed  to  show  is  that  any  such  heterotropy 
really  exists  in  the  bodies  1  experimented  on,  and,  which  is 
absolutely  incredible,  that  it  exists  to  the  same  degree  in 
them  all. 
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But  without  going  so  far  as  tbis^  and  withoat  comparing 
bodies  chemically  diff«ireiity  if  we  attribute  to  a  body  one  of  the 
species  of  homogeneousneas  imagined  by  M.  de  Saint- Veoant,  as 

for  instance  cylindrical  or  spherical  homogeneousness,  or  any 
other,  we  ought  at  least  to  be  able  thus  to  explain  the  results  of 
the  various  experiments  to  which  these  bodies  maybe  sabmittcd. 

It  would,  for  example,  be  easy  to  invent  a  moleeul;ir  arrange- 
ment sueli  that  a  cylindrical  piezometer  would  possess  a  cubical 
compressibility  conformable  to  that  given  by  the  ancient  theory; 
but  it  would  be  necessary  to  show  also  that  this  cylinder,  when 
subjected  to  luugiUuiinal  traction,  would  exhibit  the  elongaUon, 
and  at  the  same  time  the  transverse  contraction,  which  is  shown 
by  experiment,  that  its  resiBtance  to  torsion  might  be  determined 
befov^iandi  &e. 

As  long  as  this  demonstration  has  not  even  been  attempted, 
all  discussion  on  these  hypotheses  is  necessarily  fntile. 

Lastly,  M.  Kirchboff  has  just  published  an  important  memoir 
on  this  point,  which  it  will  be  necessary  for  me  to  examine  with 
the  degree  of  attention  due  to  the  name  of  the  anthor  and  the 
interest  of  the  subject.  Instead  of  indulging  in  mere  conjectures, 
M.  Kirchhoff  has  devised  the  following  experiment : — A  weight 
applied  to  the  end  of  a  lever  produces  simultaneously  the  flexion 
and  torsion  of  a  homogeneous  cylinder ;  thes?e  two  displacements 
are  inetisnrcd  exactly  by  means  of  an  ingenious  application  of 
Ganss's  method;  and  their  ratio,  which  is  independent  of  the 
moJulus  of  elasticity  and  the  radius  ot  the  cylinder,  srives  by 
known  forum  he  ihe  required  relation  between  the  elongation  and 
transverse  contraction. 

This  method  is  liable  to  numerous  objections.  It  would  be 
difficult  to  imagine  one  more  indirect  and  consequently  more 
subject  to  error :  the  coefficient  of  the  change  of  volume  is  deter- 
mined by  two  distortions^  which  are  themsel'ves  unaccompanied 
by  any  change  of  volume  whatever;  this  at  least  is  what  is 
assumed  in  order  to  establish  the  formube,  though  it  is  not 
rigorously  true ;  the  experiment  may  be  considered  as  the  flexion 
of  a  cylinder  which  has  bedh  rendered  non*bomogeneons  by  tor- 
sionj  or  the  torsion  of  a  cylinder  rendered  heterogeneous  by 
flexion ;  and  the  ordinary  formulae  for  torsion  and  flexion,  whicn 
are  inexact  in  themselves  (as  I  think  I  have  sufliciently  shown  in 
the  case  of  the  former,  and  as  I  sliall  hereafter  endeavour  to 
prove  of  the  latter),  become  still  leas  trustworthy  in  the  present 
case. 

M.  KirchhoflTs  apparatus  i'^  one  of  great  delicacy,  and  does 
not  seem  as  if  it  could  possess  sufficient  stability  for  researches 
of  this  nature;  the  small  dimensions  of  the  cyhnders  subjected 
to  experiment  (less  than  3  millims.  in  diameter,  and  only  145 
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millimK.  long),  the  sensible  iiexions  produced  orio-inally  by  the 
mirrors  and  the  levers  supported  by  the  cylinders,  the  necessity 
of  solderinp:  the  latter  in  the  middle,  and  lastly  the  complication 
of  the  calculations  necessary  to  reduce  the  observations,  are  so 
many  sources  of  inconvenience  and  error. 

The  following  are,  however,  the  results  of  these  experiments : 
M.  Sirdkhoff  ft»iiid  for  yellow  braas  tlie  value  0*887,  for  tem- 
pered steel  0*294:  these  nnmbers  are,  it  will  be  seen,  decidedly 

S eater  than  ^,  while  j>  is  very  nearly  eqaal  to  their  mean  value. 
.  KirehhofF  passes  somewhat  lightly  over  the  former  of  these 
results,  while  he  attaches  great  importance  to  the  second :  tern- 
pei«d  steel  appears  to  him  to  be  a  body  eminently  isotropic, 
while  yellow  brass  is  neither  sufficiently  homogeneous  nor  en* 
tirely  free  from  the  secondary  effect  before  spoken  of. 

We  have  already  done  justice  to  the  latter  observation,  which 
moreover  applies  as  woll  to  !?tppl  ns  it  does  to  brass,  since  this 
secondary  effect  has  in  fact  been  observed  in  neither.  As  far  as 
isotropism  is  concerned,  it  is  very  gratuitous  to  attribute  that 
property  peculiarly  to  a  tempered  body :  the  action  that  tem- 
pered glass  exercises  on  polarized  light  abundantly  proves  this; 
and  indeed  if  the  least  homogeneous  among  non-crystallizcd 
bodies  were  required,  it  would  undoubtedly  be  on  a  tempered 
substance  that  the  choice  ought  to  fall. 

I  am  far,  then,  I  repeat,  from  affirming  that  this  ratio  ought 
not  to  be  somewhat  less  than  \  in  the  case  of  homogeneous  steel ; 
bnt  the  present  experiment  does  not  seem  to  me  to  be  conclusive 
on  the  subject. 

The  experiment,  on  the  contrary,  made  on  yellow  brass  is  the 
first  in  which  my  results  have  been  attempted  to  be  verified  on 
one  of  the  substances  I  myself  employed.  The  number  0*387 
is,  it  is  true,  greater  than  | ;  but  I  shall  prove,  in  a  memoir  on 
flexion  I  am  about  to  produce,  that  the  denominator  of  the  frac- 
tion which  represents  in  M.  Klrchhoff'a  results  the  ratio  of  the 
torsinn  to  the  flexion,  is  too  little,  and  that  this  fraction,  properly 
corrected,  approaches  much  uiote  nrnrly  to  the  valint  ^. 

In  short,  setting  aside  for  the  moincnt  the  experiment  of  M. 
Clapeyron,  no  fact  has  hitherto  been  udvauced  to  show  tliat  the 
required  relation  is  different  in  ditlercnt  bodies.  The  experi- 
ments that  have  been  made,  moreover,  refer  only  to  a  small 
number  of  bodies;  they  have  been  made  by  means  of  methods 
all  more  or  less  indirect ;  and  the  cubical  compressibility  has 
never  itself  been  the  subject  of  any  direct  experiment  j  so  that  we 
know  not  whether  the  proportion  supposed  to  exist  between  the 
pressures  and  the  diminutions  of  volume  really  does  exist  for 
changes  of  pressure,  however  small.  This  research  will  be  the 
subject  of  the  memoir  which  I  shall  shortly  have  the  honour  of 
submitting  to  the  Academy* 
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LXVlil.  On  a  Neiv  Electrometer  (the  Siphon  Electrometer)  for 
meoMwring  the  Electrical  Charge  of  the  Ptime  Conductor  of  a 
Maekme;  and  on  the  Di^tenion  of  different  lAqmde  by  Elee* 
trieal  Action,   By  Thomas  Tate,  Esq,* 

THE  ck'ctrouielcr  most  commonly  used  by  electricians,  tor 
uscci  tainin*:^  tin;  intensity  of  the  charcrc  of  the  yv'wwc  con- 
ductor of  a  uiacliiiie,  is  Henley's.  According  to  the  cxpenments 
of  Sir  W.  Snow  Harris,  it  appears  that  the  decrees  of  diver- 
gence of  this  instrument  for  high  charirrs  are  nearly  in  proportion 
to  the  qu.iiiUties  of  electricity  gencialcd;  at  ihe  same  liiue  iL  must 
be  observed  that  this  result  docs  not  agree  with  what  theoretical 
investigation  would  give.  This  inatroment  therefore  would 
serve  very  well  in  all  ordinary  cases  for  indicating  the  power  of 
any  machine^  provided  that  all  the  instmments  used  were  oon- 
stracted  exactly  alike;  bat  this  is  practically  impossible;  and 
hence  it  follows  that  the  degree  of  divergence  of  one  instrument 
cannot  be  compared  with  that  of  another  instrument,  as  regards 
its  indication  of  electrical  charge.  The  hydrostatic  and  balance 
electrometers  arc  very  complete  instruments  as  regards  scieniifie 
research ;  but  it  must  be  allowed  that  they  are  too  delicate  in 
their  construction  and  mode  of  action  to  be  used  on  ordinary 
occasions^  when  only  an  approximate  value  of  an  ph'rtrir  rharirc 
is  required ;  moreover,  the  thermo-electrometcr  ia  only  appli- 
cable to  high  charges  of  an  electrical  battery. 

The  siphon  eh  ctrometer,  represented  in  the  annexed  diagram, 
is  sufficiently  delicate  and  reliable  in  its  indications,  and  admits 
of  being  constructed  so  that  the  results  derived  from  one  instru- 
ment may  be  fairly  compared 
with  those  derivea  from  an- 
other instrument.  It  depends 
on  the  principle^  that  differ- 
ent quantities  of  electricity 
diachai^  different  quantities 
of  liquid  from  a  siphon-tube 
in  which  the  liquid  is  sus- 
pended by  capilluy  action. 

Afi  a  glass  jar,  containing 
water,  about  4  inches  in  dia- 
meter, placed  upon  the  insu- 
latino:  stand  C  D  of  gutta 
peich;i;  E  G  a  small  siphon 
about  15  of  an  inch  diameter, 
cemented  to  the  side  of  the 
jar,  as  sh  -wn  in  the  diagram  ; 
H  I  u  funnel-shaped  receiver 

*  Communicated  by  the  Author. 
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al  out  3  inches  diameter,  connected  with  the  ground  by  ii  daujp 
cord,  and  placed  directly  below  the  oritiee  G  of  the  tube,  and 
connected  with  a  glass  tube,  K  divided  into  tcnth.s  and  hun- 
dredths of  a  ctthie  indi ;  N  P  a  eondnctiug  wire  fixed  to  the  prime 
conductor  of  the  electrical  machine  and  dipping  into  the  Uquid 
E      The  instrument  is  used  in  the  following  manner : — 

A  sufficient  quantity  of  water  is  poured  into  the  jar,  so  as  to 
cause  the  siphon  to  act ;  the  water  then  flows  through  the  siphon 
until  its  pressure  in  the  jar  is  balanced  by  the  capUlary  action  of 
the  tube  G  £,  when  it  will  cease  to  flow ;  it  will  then  be  found 
that  the  level  of  the  water  iu  the  jar  stands  somewhat  above  the 
orifice  6  of  the  siphon-tube :  scarcely  any  amount  of  shaking 
or  oscillation  will  now  cause  the  water  to  flow  from  the  orifice  6. 
Tlie  graduated  tube  K  T.  is  thrn  placed  below  the  orifice  G,  the 
bottom  of  the  funnel  buniL;  from  2^  to  2^  inches  from  this  orifice. 
The  machine  is  then  turned,  and  the  electric  action  causes  the 
water  to  flow  in  a  continuous  stream  or  jet  l  iom  the  orifice  G, 
filling  the  tube  K  L;  any  proposed  nuuiber  ui  revohitions  being 
given  to  the  machine  in  a  Ifnown  time,  the  number  of  cubic  inches 
of  water  discharged  as  taken  as  the  measure  of  the  efficiency  of 
the  machine. 

It  will  be  hereafter  showUj  the  machine  being  in  a  fixed  state 
of  action,  that  in  order  to  produce  a  gi?en  or  constant  discharge 
of  liquid,  the  product  of  the  number  of  revolutions  of  the  machine 
by  the- time  in  which  these  revolutions  are  made  must  be  a  con- 
stant quantity.  Thus,  if  n  revolutions,  performed  in  t  seconds, 
produce  a  discharge  of  k  cnbie  inches  of  water,  and  revolu- 
tions, performed  in  seconds,  produce  the  same  discbarge  of 
liquid,  then  nt^n.t,. 

Hence  it  follows  that  (within  certain  limits)  the  relative  effi- 
ciency of  a  machine  (in  different  states  of  action,  or  of  different 
niachines)  will  be  inversely  as  the  j)roduct  of  the  number  of  i-evo- 
lutious  by  the  time  requisite  for  producing  a  given  or  fixed 
amount  of  discharge.  Thus,  if  a  machine  dischai^cs  one-half  of 
a  cubic  inch  of  water  in  20  revolutions  per  60  seconds,  and  another 
machine  discharges  the  same  amount  of  water  in  16  revolutions 
per  40  seconds,  then  the  powers  of  the  machines  will  be  as 

20^  ***  16740- ^ 

The  following  results  of  experiments  show  the  uniformity  of 
the  action  of  the  instrument. 

24  revoluti(jns  of  the  machine,  in  45  seconds,  produced  a  dis- 
charge  of  '61  of  a  cubic  inch  of  water ;  and  the  experiment  being' 
repeated  for  two  successive  times,  the  dischai^^es  were  found  to 
be  '62  and  *61. 
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Wbeii  llic  uiacliiiic  was  iu  a  higher  state  of  action^  20  revolu- 
tions^  in  60  seconds,  prodaoed  a  discharge  of  1'06  cubic  inch ; 
and  upon  repeatiug  the  experiment  the  discharge  was  found  to 
be  1*04  cubic  inch* 

Within  certain  limita^  the  quantity  of  liquid  diacharged  ia  not 
aenaibly  affected  by  the  diameter  of  the  tube  G£,  or  by  the 
distance  of  the  cup  from  the  nozale  G :  other  things  being  the 
same,  the  diameter  of  the  tube  may  vaiy  from  ^^tha  to  7%th8  of 
an  inch ;  and  the  distance  of  the  cup  nom  the  nossle  may  wy 
from  2^  to  2^  inches  without  sensibly  affecting  the  amount  of 
discharge.  In  like  manner,  slight  variations  in  the  diameter  of 
the  iar  produced  little  or  no  sensible  alteration  in  the  amount  of 
the  liquid  discharged.  ^ 

At  the  coiiiinencement  of  the  operation,  the  columns  of  liquid 
being  in  equilibrium,  the  electrical  action  has  simply  to  over- 
coute  the  cohesion  of  the  particles  of  the  liquid  lor  one  another; 
but  as  the  process  goes  on,  the  water  being  more  and  more  dis- 
charged, the  eqiiilibrium  of  the  columns  is  destroyed,  and  the 
resistance  to  the  discharge  increases,  so  that,  with  the  same  elec- 
tric force,  the  rate  of  discharge  of  the  water  becomea  less  and 
leas;  but  when  the  section  of  the  jar  is  considerable^  and  the 
volume  of  the  liquid  displaced  doea  not  exceed  a  certidn  limit, 
the  velocity  with  which  the  liauid  is  discharged  is  nearly  uniform* 

The  following  experimental  results  show  that,  for  equal  quan* 
titiet  of  water  dMkarffed  {the  maekme  bemg  m  a  fixed  state  of 
actum),  the  product  of  the  number  of  revolutions  by  the  eoirretpond- 
ing  time  is  {(g^prommatefy)  a  camtant  qvantUy, 


ExperimaU  I. 


Numher  of 

n  V  jIiltioDI  of 

Uie  machiiK, 

H. 

Corresp.  dix- 

chiir^'r  111  1  iiirta 

of  •  cubic  iach. 

Value  of 

15 

70 

-m 

1050 

35 

4S 

•70 

1050 

18 

60 

•69 

1080 

18 

90 

•60 

1080 

The  fdlowing  experiment  was  made  when  the  machine  waa  in 
a  different  state  of  action. 

«  Esq^erimeni  II* 

%^  revolutions  of  the  machine,  performed  in  80  seconds,  pro- 
duced a  discharge  of  *72  cubic  inch  of  water ;  and  d8  revolutiona, 
iu  60  seconds,  produced  the  same  amount  of  discharge. 

In  this  ease  24.  X  80^1920,  and  88  x  60=1980. 
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Experiment  III. 

10  revolutioDS,  performed  in  50  aeoands^  prodooed  a  discharge 
of  -41 ;  and  20*ieyolatioii8;  in  ft!&  aeconds,  produised  nearly  the 
same  disc!ifirc:e. 

Here  10  x  50^20  x  25  s500. 

Now,  assuming  that  the  quantity  of  electricity  generated  is  in 

proportion  to  the  number  of  revolutions  of  the  machiTip,  then  it 
follows  that  a  certain  quantity  of  electricity^  actinL:  iV)r  50 
seconds,  produces  the  same  (or  nearly  the  same)  discharge  as  a 
double  quantity  of  electricity  acting  for  half  the  time ;  and  so 
on,  similarly  to  the  results  of  the  other  experiments. 

If  €  be  put  for  the  quantity  of  electricity  generated  in  /  seconds, 
and  e,  for  the  quantity  generated  in  seconds^  then  for  equal 
amount:)  ut  di:^uhar|^e  we  shall  have 

that  is,  for  equal  ammmti  ofdHetkarge  ike  qaaniUke  of  deetrieUy 
are  in  the  inverse  ratio  of  the  timee. 

In  Experiment  HI.  the  angular  velocities  of  the  '"fH^^'T^^  are 
aa  1 : 4,  and  therefore  the  intensities  of  the  electricity  generated 
would  be  in  the  same  ratio,  provided  that  no  electricity  had  been 
carried  off  by  the  discharge  of  the  liquid ;  but  the  deflections 
of  Henle^^s  elprtrometer  indicated  that  the  ratio  of  the  intensi- 
ties of  the  electricity  in  the  two  states  of  the  conductor  was  only 
about  2  to  3. 

Although  equal  voiumeii  of  water  are  discharged,  wc  cannot 
infer  that  the  dynamic  effects  are  equal ;  for  the  liquids  are  re- 
spectively discharged  with  different  velocities. 

Let  k  =  the  cubic  inches  oi  water  discharged  in  each  case,  w 
being  its  weight  in  units  of  lbs. 
n  s  the  corresponding  number  of  revbhttiona  in  t  aeconda 
In  the  one  caaei  e  being  the  amount  of  electrieity 
'    {generated,  and  v  the  velocity  with  which  the  liquid 
la  diflcha^;ed. 

iiiss  the  corresponding  number  of  revolutions  in  seconds 
in  the  other  case,  6]  being  the  quantity  of  electricity* 
generated,  and  V|  the  velocity  with  which  the  liquid 
is  discharged. 

iiy  if|S  the  accumulated  work  or  dynamic  effect  in  each  case 
respectively. 
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but  -  =  ^.  on  the  aflBomptioii  that  the  veknsitteft  aie  miifann^ 

Vn  t 

Now  by  experiment  we  have 

*\u^~     )  ' 

that  is,  th£  discharge  being  constant,  the  dynamic  effeett  are  « tie 
ratio  of  the  squares  of  the  number  of  reooMiom  of  the  maehme. 

If  11=120,  and  ii|S5lO,  aa  in  £zp.  IIL,  then         ;  that  is,  in 

thia  eaae  the  dynamic  effecta  will  be  aa  1  to  4,  or  a  doable  nam* 
ber  of  revolutions  produeea  a  qoadrople  effect 

Let  m  be  put  for  the  number  of  revolntiona  of  the  maehine  (its 
itate  being  constant)  performed  in  60  second^  or  1  minute,  to 
produce  the  same  disehaige  as  n  revdutionB  in  t  seconds ;  then 

X  X  GOssnt,  or 

Similarly,  we  have  for  the  relation  of  equal  discharge  corre- 
sponding to  any  other  state  of  the  maehine, 

n^t, 


«1= 


GO* 


Now  it  may  be  presumed  that  the  efficiency  of  the  machine  is 
i?ivers(  ly  jiroportional  to  the  number  of  revolutions  per  minute 
requisite  to  produce  a  given  discharge ;  but  we  £nd 


»      ni  ' 

that  ifli,  the  efficieacy  of  a  moMme  varies  imenefy  a$  the  prodaet 
of  the  manber  of  reoobitionM  ^  the  eorreeponding  time  requisite  to 
produce  a  given  dii^ar^e, 
a   If         then  . 


n' 


that  is,  in  this  case  the  efficiency  of  a  machine  varies  inversely  as 
the  manber  of  retebUions  (the  time  being  constant)  requisite  to 
produce  a  men  Charge. 

Thus,  if  a  machine  Ascharges  half  of  a  eubie  inch  of  water  in 
twenty  revolutions  in  a  certain  time,  and  another  machine  dis- 
charges the  same  amount  of  water  in  ten  revolutions  in  the  same 
time,  then  the  latter  machine  will  have  double  the  power  of  the 
former* 


Digitized  by 


Bo^al  Society,  457 

On  ike  Dupmhn  of  different  Liquids  by  Bleelrieal  Action, 

The  siphon-electrometer  enables  us  to  determine  the  rate  at 
which  electrical  charges  will  disperse  different  liquids.  The 
li(j[Uid  to  be  examiucd  being  placed  in  the  jar  A  B,  and  the  siphon 
being  brought  to  act  in  the  UBual  manner^  the  discharge  pro- 
daoed  a  ^ivea  number  of  vBvoltttiolM  of  the  machine  in  a 
giren  tune  u  determined;  and  haviDg  preTioosly  found  the 
amount  of  pure  water  diBcharj;ed  by  the  aame  nnml!er  of  re?ola- 
tiona  performed  in  the  same  tmie^  we  are  enabled  to  estimate  the 
dispersifieness  of  the  partieular  liquid^  as  compared  with  that  of 
pure  water,  under  the  same  electrical  action.  In  this  manner, 
saturated  sohitiona  of  chloride  of  sodium,  carbonate  of  soda,  and 
other  salts  were  examined  |  and  it  was  found  that,  under  iheeame 
electrical  action^  the  volumes  of  the  liquid  discharged  were  in  the 
inverse  ratio  of  thfir  specific  gravities.  It  will  be  observed  that 
these  liquids  are  all  good  conductors  of  electricity.  But  the  case 
is  very  different  with  respect  to  liquids  which  ;ire  imperfect  con- 
duct*>r8  of  electricity,  such  as  turpentine,  fixed  oils,  and  alcoliol. 

In  twenty  revolutions  per  minute  the  discharge  of  pure  water 
was  about  three-fourths  of  a  cubic  inch  ;  whereas  with  the  same 
electrical  action  only  about  one-fourtii  of  a  cubic  inch  of  turpen- 
tine was  discharged,  and  not  more  than  one- tenth  of  a  cubic  inch 
of  fixed  oil.  Undfur  the  same  electrical  action,  the  volume  of 
alcohol  discharged  did  not  exceed  one-fifth  of  a  cubic  inch.  Now 
although  the  specific  gravities  of  these  liquids  are  leas  than  that 
of  water^  yet  their  dtspersireness,  under  the  same  electrical  action, 
is  considmbly  leas  than  that  of  water. 

Htstiiigt,  May  18. 
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June  14«  1860.-»Geiienil^Sabine,  H  .  A  ,  Treasurer  and  Yice-Preaide&t, 

in  the  Chair. 

THE  following  commnnications  were  read  : — 
"Notes  of  Researches  on  the  Poly-Aminonias.** — No.  VIII, 
Action  of  Nitrous  Acid  upon  Nitrophenyleaediamiue.    Bj  A.  W. 
liofinann,  LL.D.,  F.R.S. 

The  experiments  of  Gottlieb  have  shown  that  dimtrophenylamine^ 
when  boiled  with  sulphide  of  ammonium,  is  eonvertod  into  a  remark- 
able  base,  crystallizing  in  crimson  needles^  generally  known  as  nitrsp 
zophenylainine,  and  for  which,  in  accordance  with  the  views  I  enter- 
tain regarding  its  constitution,  I  now  propose  the  naTiio  Nitrophe- 
nyleueduunine.    I  owe  to  the  kindne^  of  Dr.  Vincent  Uall  a  con- 
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ndenble  quantity  of  thb  subftanoe^  which  k  not  quite  cftsOy  pro- 
cured* 

I  have  made  a  few  experiments  with  this  compound  in  the  hope  of 
obtaining  some  insight  mto  its  molecular  constitution.  Tf,  bearing 
in  miud  the  uumerous  analogies  between  the  radicals  fthyle  and 
phenyle,  we  assume  that  the  latter,  by  the  loss  of  hydrogen,  may  be 
oonTeited  into  a  diatomic  molecule,  phenylene  H^,  corresponding 
to  ethylene,  the  enatence  of  a  group  of  baaea  comsponding  to  the 
ethylrae-boieB  camiot  be  doubted. 

EChyhmuno    H   |  N'^.  Ethylenediamiiio     H,     V  N,. 

C.H.]  (c.Hjn 

'  Fhenylamine    H    }>  N.   PhenylenediaaBiiio    H,      v  N,. 

H  J  H.  J 

With  the  last-named  body  agreea  in  composition  the  compound 

known  as  semibcnzidam,  or  azophenylaniine,  which  Zinin  obtained 
by  exhausting  the  action  of  sulphide  of  ammonium  on  dinitro- 
benzole. 

Tho^  chemists,  however,  who  have  had  an  opportunity  of  be- 
coming acquainted  with  the  well-defined  properties  of  ethylenedia- 
mine,  will  not  be  easily  persuaded  to  conader  the  uncouth  dinitio- 
bensol-product^— aometunea  appearing  in  brown  flakes,  sometunes  as  a 
yellow  resm,  raoidly  turning  green  in  contact  with  the  air — as  stand- 
nip:  to  smooth  pnenylnniine  m  a  relation  similar  to  thnt  which  obtains 
between  ethylenediannne  and  ethylamine;  we  much  more  readily 
admit  a  relation  of  this  description  between  phenylauiiue  aud  (  i  itt- 
lieb's  crimson-coloured  base,  in  which  the  clearly  pronounced  cha- 
fader  of  the  fbrmer  ia  still  dlatmctly  tkible^  although  of  neeeari^ 
modified  by  the  ftirther  aubstitntbn  which  haa  taton  phwe  in  the 


Phenylamine 


"'1 

H  >N. 

H  J 


(C.HJ" 

Phenylenediamine 


NitrophenyUneduiiaiae 


(C.[H,(N0J])"1 
H,  J 


Does  the  latter  formula  really  represent  the  molecular  constitution 
of  the  crimson  needles?  The  decree  of  substitution  of  thm  body 
might  have  been  determined  by  Uie  firequenUy  adopted  proceaa  of 
ethylation.  But  even  a  simnler  and  a  shorter  method  app«tfed  to 
present  itself  in  the  beautiful  mode  of  substituting  nitrogen  in  the 
phce  of  hydiogen»  lately  discovered  by  P,  Qfieaa.   The  red  ciyatala 


•  H-1}  0=-16;  C=12,  &c 
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undergo,  indeeilj  the  transformatioD,  which  he  has  already  proved  for 
80  many  derivaftifci  of  ammoiiia»  whh  tlie  gveatest  facility. 

00  pasnng  a  current  of  mtrons  add  Into  a  moderately  oonoen- 
trated  eolation  of  the  nitrate  of  the  base,  the  liquid  becomes  slightly 
warm,  and  deposits  on  cooling  a  considerable  quantity  of  brilliant 
white  necdlo-<,  the  purificntion  of  which  presents  no  difticiiltv  :  opa- 
riiigly  soluble  in  cold,  readily  soluble  in  boilinp:  water,  iiiv  ne\v  c  om- 
pound  requires  only  to  be  once  or  twice  recrybtallized.  Tlius  puri- 
fied, this  substance  forms  long  prismatic  crystals,  frequently  inter- 
laeedj  white  as  lon^  aa  they  are  in  the  eolutioD,  but  aMnming  a 
fllightly  yellowiah  tint  when  dried,  and  eepecially  when  exposed  to 
100° :  they  are  readily  soluble  both  in  al4X>hol  and  in  ether*  The 
new  body  exhibits  a  distinctly  acid  reaction ;  it  dissolves  on  applica- 
tion of  a  gentle  heat  in  potossa  and  in  ammonia,  without,  however, 
neutral izi II at  the  alkaline  character  of  these  liquids  ;  it  also  dissolves 
in  the  alkaline  carbonates,  but  without  expelling  their  carbonic  acid. 
The  new  acid  fuses  at  21 1°  C,  and  sublimes  at  a  somewhat  higher 
temperature,  with  partial  decomposition.  The  sublimate  coosisto  of 
small  prismatic  crystals. 

Analysis  piOTCs  this  substaooe  to  contain 

a  Ibnnnla  whicb  is  oonArmed  by  the  analysis  of  a  sflTer-eompoond, 

C,(H,Ag)N.Op 

and  of  ■  potuuum-Hlt. 

C,(H.K)N.O.. 

The  analysb  of  the  new  compouMl  shows  that,  under  the  hifloence 
of  nitrous  acid,  nitrophenyleneoiamine  exchanges  three  molecules  of 
hydrogen  for  one  molecule  of  nitrogen,  three  molecules  of  water 
being  eliminated* 

C.  H,  N,  0,+ H  N0,= 2  H,  O + C.  H,  N"  N,  O,. 
Nitrophenylene-  New  add. 

1  do  not  propose  a  name  for  the  new  compound,  which  can  claim 
but  a  passing  interest,  as  throwing,  by  its  formatioD,  some  light  on 
the  constitution  of  nitrophenylenediamine. 

The  composition  of  the  new  acid,  mul  of  its  salts,  shows  that  in  the 
crimson-red  base  iuur  hyilrogt-ii  molecules  are  still  capable  of  re- 
placement ;  in  oUier  wofos,  that  this  body  contains  four  extra-radical 
moleenles  of  hydrogen.  The  result  of  these  experiments  appears  to 
confirm  the  view  iradch,  in  the  commencement  of  this  Note,  I  have 
taken  of  the  constitution  of  this  body ;  at  all  events,  the  mutual 
relation  of  the  several  bodies  is  satisfiu^tohly  illustrated  by  the 
formulae'- 
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(C.[e,(NOJ])" 


Nitrophenjlenedianune 


5  r 


(CJB.(N<W])"1 
New  add  Vf> 

H  J 

(C.[H.  (NOJ])" 

Sflrer-flftlt 


Ag  J 


If  the  admissibility  of  this  interpretation  be  confirmed  by  further 
experiments,  the  reaction  discovered  by  Grieas  furnishes  a  new  and 
vahinble  method  of  recognizing  the  degree  of  aabatitution  in  the 
derivatives  of  ammonia. 

The  new  acid  differs  in  many  respects  from  the  sub.staiici  s  pro- 
duced from  other  nitrogenous  compounds.  h,&  a  claab,  ihe&e  hub- 
Btancea  are  remarkable  for  the  facihty  with  which  they  are  changed 
under  the  iufloenoe  of  acids,  and  more  especially  of  bases.  The  new 
add  exhibits  remarkable  stabihtj ;  it  may  be  boiled  with  either 
potassa  or  hydrochloric  acid  witliout  undergoing  the  slightest  change. 
Even  a  current  of  nitrous  acid  })assed  into  the  aqueous  or  alcoholic 
solution  is  without  the  least  effect.  The  latter  experiment  ap})cared 
of  some  interest ;  fur  it'  the  action  of  nitrous  acid,  iu  a  second  phase 
of  the  process,  had  assumed  the  form  so  frej^uently  observed  by  Piria 
and  othersy  it  misht  haTc  led  to  the  formation  of  the  diatomic  nitro- 
phenyleue-aloohoit  according  to  the  equation 

(C.  [H,  (NOJ])"  I  (C.  [U.  (xVOJj)"  1  o 

H.  J 

It  deserves  to  be  noticed  that  nitrophenylenediamine,  although 
derived  from  two  molecules  of  ammonia,  is  nevertheless  a  decideUly 
monadd  base.  G(ottKeb*s  analyses  of  the  chloride  nitnte,  and  aiu- 
phate  left  scarcdy  a  doubt  on  this  point.  However,  aa  some  of  the 
natural  basea,  qninine  for  instance^  ate  capable  of  comliining  wiUi 
either  one  or  two  molccmles  of  acid,  I  thought  it  of  sufficient  interest 
to  coufirm  Gottli:  h's  observations  by  some  additional  oxnerinionts. 
The  crystals  deposited  on  coohng  from  a  solution  ot  nitrophenviene- 
diainiuc  m  concentrated  hydrochloric  acid,  were  washed  with  the 
same  liquid  and  dried  in  vacuo  over  lime. 
Analysia  led  to  the  formuUi 

r(c\[ii,(Nojj)'M  - 

H,  [N,  CI. 

-    I  J  J 

The  dilute  solution  of  this  chloride  V<  not  precipitated  by  dichlo. 

ride  of  platinum,  nor  can  the  double  salt  of  the  two  chlorides  be 
ol)t;ilii(  il  hy  evaporating  the  mixed  solutions,  which,  just  as  Gott- 
lieb observed  it,  is  readily  decomposed  with  separat  inn  of  metallic 
platinum.    I  had,  however,  no  ditiieuU)  m  preparing  u  ]jluLiuuin  ^ait. 
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crvatallizm^  in  splendid  long  browu-red  prisms,  by  adding  the  dichlo- 
ride  of  plntmnni  to  the  eoneentrated  solntioii  of  the  hydrochlorate. 
The  plfttbnm  deteraunation  led  to  the  formoU 

(C.[H,(NOJ]>']  - 

H,  Cl,PtCl,. 

These  experiments  prove  that,  even  under  the  most  faTOunhle  eir- 

cum stances,  nitrophenylenediamine  combines  only  with  1  equiv.  of 
acid,  while  the  ethylene-derivadves  are  decidedly  diacid.  The  dimi> 
nation  of  saturatinj?  power  in  nitrophenylenediamine,  at  the  first 
glance,  seems  somewhat  anomalous,  but  the  anomaly  disappears  if 
the  constitution  of  the  body  be  more  accurately  examined.  It  can- 
not be  doubted  that  tiie  diminution  of  the  saturating  power  is  due  to 
the  substitution  which  has  taken  place  in  the  radical  of  the  diamine. 
I  have  pointed  out  at  an  earlier  period*,  that  the  basic  character  of 
phenylamine  is  considerably  modified  by  successive  changes  intro- 
duced into  the  phenyl-radical  by  substitnHon.  Cblnr])henylfimine, 
thonffh  less  hasie  thnn  the  normal  compoiiiKl,  still  forms  wcll-dufined 
salts  witii  tiie  acids;  the  snlts  o^  dicblorpluiiylarniiie,  on  tlie  other 
hand,  are  so  feeble,  that,  under  the  influence  oi'  boiimg  water,  tliev 
are  split  into  their  constituents ;  in  triehloi^henylaniine,  lastly,  all 
basic  characters  have  entirely  disappeared.  Again,  on  eiamining  the 
nitro-substitutes  of  phenylamine,  we  find  that  even  nitrophenylamine 
is  an  exceedingly  weak  base,  whilst  dinitrophenylamine  is  perfectly 
indifferent.  What  wonder,  then,  that  a  molecular  system,  to  which 
in  the  normal  condition  we  attribute  a  diacid  character,  should,  l?y 
the  insertion  of  special  radicals,  be  reduced  to  monoacidity?  The 
normal  phenvlenediamine,  which  remains  to  be  discovered,  will  doubt- 
less he  found  to  be  ^cid,  Uke  the  diamines  derived  firaim  ethylene. 
Even  now  the  group  of  diacid  diamines  ia  represented  in  the  naphtyl- 


Naphtylamine  H  mouoacid. 

H  j 

(C.,H.)"1  . 
Naphtyienediamine  « N  diacid. 

The  body  whidi  I  designate  by  the  term  Naphtylenediamine,  is  the 
base  which  Zinin  obtained  by  the  final  action  of  sulphide  of  ammo- 
nium upon  dinitTonaphtaline.   This  substance,  oriiginally  designated 

seminajihtalidanH  and  subsequently  described  as  naphtalidine,  com* 
bines,  according  to  Zinin's  experiments,  with  2  equivalents  of  hydro- 
chloric acid  f. 

"On  the  Formula  investigated  by  Dr.  Frinkley  for  the  general 
Term  in  the  Development  of  Lagrange's  Expression  for  the  Summa- 
tion of  Series  and  for  Successive  Integration.'*  By  Sir  J.  F.  W. 
Herschel,  Bart.,  F.R.S.  &c. 

*  Mem.  of  Cbem.  8oe.  voL  ii.  p.  298. 
t  UeUg't  AnnalSD,  vol*  lixxv.  p.  928. 
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June  21. — Sir  Benjamia  C.  Brodie^  But.*  President^  in  the  Chair. 

The  following  commanicationt  were  read : — 

"  Experimental  Researches  on  nuriona  4|iuitioiia  eanoenuiig  Sea* 
sibility."   By  £.  Brown-Sequard,  H.D. 

« On  the  CoDatmetion  of  a  new  Calorimeter  for  determining  the 
Badiating  Powers  of  Surfaces,  and  its  application  to  the  Snrfaces  of 
Tlriona  Mineral  Substancea*"    By  W.  Hopkins,  Esq.,  M,A.,  F.R.S. 

When  the  author's  \fpmoir  on  the  Canthwiwhy  of  varioiia  sub- 
stances was  presented  to  the  Sin  it'ty,  it  \s:i>-  intimated  to  him  on  the 
part  of  the  Conncil  of  the  Sot  ii  ty,  that  ii  uiight  he  advisable  to  de- 
termine absolute  instead  of  rclaUsc  cunductivities,  the  latter  only 
haTing  been  attempted  in  hia  preriona  eiperimeota.  It  ia  partly 
in  oonacqnenceof  this  intimation,  and  partly  from  the  desire  to  make 
his  former  investigations  more  complete,  that  the  author  has  giTen 
his  attention  to  the  construction  of  a  calorimeter  which  might  serve 
for  this  purpose.  His  present  memoir  coiitnins  a  description  of  this 
instrument,  with  the  results  obtained  from  its  appUcation  to  the 
aurfaces  of  various  substances.  • 

The  apparatus  used  bv  Meaara.  Duloog  and  Petit  was  more  deli- 
cate and  complete  than  the  aimpler  inatrament  de^iaed  by  the  author 
of  thia  paper,  hat  it  was  calculated  only  to  determine  Uie  radiating 
powers  of  substances  of  which  the  bulb  of  a  thermometer  could  be 
constructed,  or  with  wlnVh  it  could  be  delicately  coated.  The  only 
8uh«itnnees  to  which,  in  tju  t,  it  was  applied,  were  glass  and  silver, 
tht*  radiation  taking  place,  in  the  first  case,  from  the  naked  bull)  of 
the  thermometer,  and,  in  the  second,  from  the  same  bulb  coated 
with  nlver  paper.  In  theie  cases,  too,  it  waa  the  whole  heat  ndi- 
ating  in  a  given  time  from  the  inatmment,  and  not  that  whidi  radiated 
from'  a  given  area,  that  was  determined.  For  this  latter  purpose  the 
apparatus  was  not  well  calculated,  on  account  of  the  difficulty  of  ob- 
taining with  accuracy  tlic  area  of  tlu*  snrfncc  froni  which  radiation 
took  ])lace.  The  instrument  here  described  can  he  easily  applied  to 
any  ]jiaue  radiating  surface,  while  the  area  of  that  surface  can  be  easily 
determined  to  m  re<|uired  degree  of  accnrac;^.  The  quantity  of 
heat  radiating  under  given  conditional  from  a  unit  of  enrfaoe  in  a  unit 
of  time,  can  thus  be  eaaiJy  aaoertained.  The  paper  contains  a  detailed 
description  of  the  instrument,  and  of  the  experimenta  made  with  it. 

The  following  are  experimental  results  thus  ohtnined, — the  unit 
of  heat  bi  iiii^  that  quantity  of  heat  which  would  tiu>v  ^r>.  of 

distilled  water  1°  Centigrade.  The  formula  is  that  of-  Duloug  and 
Petit,  where 

Ob>  temperature  of  the  aurrounding  medium  (the  air  in  these  ex* 
perimenta),  expressed  in  Centigrade  dezrees ; 

t=  the  exceaa  of  the  temperature  of  the  radiating  surface  above 
that  of  the  surrounding  nu'diuni,  in  Centigrade  degrees; 

pT=  pressure  of  the  surrounding  mediuui  (the  atmos|)here  in  these 
experiments),  expressed  by  tiie  height  of  the  barometer  in  uu  ins ; 

a  =  1*0077,  a  numerical  (quantity  which  ib  always  the  same  lor  ail 
radiating  surfaces  and  surrounding  media. 
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Then  if  Q  denote  the  quantity  of  heat,  expressed  numericallj* 
which  nditttes  from  a  vml  of  wemuBO  (a  square  foot)  in  a  imit  of 
time  (one  minute),  we  liate  the  following  reenlts  for  the  subatanoes 
specified: — 

Qs  9-566  «#(«*-l)+*a3720^.|^)^<'"^ 

Diy  Chalk. 

Q=  8-6l3«^(a«-l)+-03720^|^J**<»'^ 

Dry  New  Bed  Sandstone. 
Q»  8*377         l)+-0372a^^^  V'"» 

Sandstone  (building  stone). 
Qi«  8-882  a«(a'-l)  + -03720  ^^^yV"*** 

FtoliBhed  Limeetone. 

Q=  9100  aV-  1)+ 03720  ^;^yV*** 

Unpolished  Limestone  (same  block  as  the  hut). 
Q«12-808  a  V- 1)+-03720  (;^)"'*'^' 

On  Ifloprene  and  Caontefame."   By  C.  Greirine  liniUama,  Esq. 

This  paper  coutauia  the  results  of  the  investigation  of  the  two  prin- 
cipal hydfocarboite  nrodneed  by  deetrnetive  diftiUation  of  caont- 
cnoae  and  gntta  perena, 

Itoprene, 

This  substance  is  an  eioeedingly  volatile  hydrocarbon,  boOing 

between  37°  nm\  38^  C.  ;  after  repeated  cohohntions  over  MOflinm,  it 
was  distiUed  and  nnnlysed.  The  numbers  obtained  as  the  mean  of 
five  analyses  were  as  follows : — 

Experiment.  Calculation. 


Carbon.    .   .    880  60  88-2 

Hydrogen  .  «   12-1        H*     8  11*8 

68  100-0 
Tliree  of  the  specimens  were  from  caoutchouc  and  two  from  gutta 
percha.   The  vauour-deusity  was  found  to  be  at  ^8°  C.  2' 40.  Theory 
requires,  for  C^^  H*b4  Tolumes,  2*35.   The  density  of  the  Uquid 
0*6823  at  20^  C. 


Action  of  Atmospheric  Oxygen  upon  Isoprene. 

Isoprene,  exposed  to  the  air  for  some  months,  thickens  and  acquires 
poweitul  bleaciiing  properties  owing  to  the  absorption  of  oione.  On 
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dutOliiig  the  osomied  liquid,  a  viaknt  metion  takes  plaee  between 
the  oMne  and  the  hTdroearbon.  AH  the  mialtered  hydroearbon  distill 
away,  and  the  contents  of  the  retort  suddenly  loltdiiy  to  a  pmc^ 
white*  amoiphovis  mas*,  yielding  the  annexed  resolt  on  oombustkm 
Bipnimeiit.  Ctlcalatkm. 

Carbon      .    .    78-8  CO  78-95 

Hydrogen  .    .    10*7         H*      8  10  52 

Oxygen    .    .   10*5         O       8  10*53 

76  100  00 

This  directly-formed  oxide  of  a  hydrocarbon  is  unique,  as  regards 
both  its  formula  and  mode  of  production. 

CoovfeAme. 

Himly's  analysis  was  correct.  The  mean  results  of  three  analyses 
are  compared  in  the  following  Table  with  those  of  M.  Himly : — 

Mean.     Himly.  Calculation. 

Carbon  .    .  88-44  (7*    120  88-2 

Hydrogen  .11-9       11-56         H"     16         U  S 

136  100-0 

Two  of  the  determiuations,  the  results  of  wliich  are  incorponted 
iu  the  above  mean,  were  made  on  a  substance  firom  gotta  peieha* 
The  vapou^denslty  was 

SiperiBMBt.        Iliinly.        Cslealattoo  «*4  fols. 
4*05  4-46  4-6986 

We  now  ibr  the  first  time  see  tiie  fdation  between  the  two  hydro- 
carbons. It  is  the  same  as  between  amylene  and  paramylene.  The 
author  discusses  the  boiling-point  of  these  bodies,  and  shows  that 
they  form  most  decided  exceptions  to  Kopp's  empirical  law. 

Act  ion  of  Bromine  on  Caouiekine  tmd  iU  uomer  T\trpentine. 
Caoutchine  and  turpentine  act  on  bromine  in  precisely  the  same 
manner.  One  equivalent  of  the  hydrocarbon  decoloriies  four  equi- 
valents of  bromine.  To  determine  this  point  quantitatively,  eight 
experiments  were  made,  four  with  turpentine  and  four  with  caout- 
chine. Tlie  quantity  of  bromine-water  employed  was  20  cub.  cents. 
=:0'2.'i27  gramme  bromine. 

Mcaa  of  four  tarpentinc  ezperimeDti.       Mean  td  four  cRoutchine  experimeatt. 
0*1074  grm.  0'109Igrm. 

Cmvertim  of  Titrpeniine  ttnd  (kumtekme  into  Cymole, 

By  the  alternate  action  of  bromine  and  sodium  ou  caoutchine  or 
turpentine,  two  equivalents  of  hydrogen  are  removed,  the  final  resolt 
being  cymole,  having  exactiy  the  odour  hitherto  considered  charac- 
teristic of  the  hydrocarbon  obtained  firom  oil  of  cumin,  and  quite 
distinct  ftom  that  of  camphogene.  The  liquid  was  identified  by  the 
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annexerl  noalyies.  No.  I*  wis  from  tiurpentiiM^  11.  and  III.  limn 

caoutchine. 

Experimeat.  Calculation. 

f.       11.       nr.  Mean. 
Cnrbon      ,    ,    89-2    89*5    89*5       89"4  120     89  G 

Hydrogen  .   •    10*5    10*4    10'4      10*4      H''     14     10  4 


134  iOUO 

perfectly  with  the  formula  (?•  H***. 

Paraeymole, 

At  the  same  time  that  cymole  is  formed,  there  is  a  production  of 
an  oil  having  the  same  composition,  but  boiling  about  300°  C.  The 
author  has  proviaionally  named  it  paraeymole. 

Snlphnrie  acid  acts  on  esoutehiiie*  oonTettiiig  it  ahnoit  entinly  into 
a  visdd  fluid  like  hMkn^  at  the  same  time  a  very  small  qnantity  of  a 
conjugate  acid  is  formed^  haiiog  the  formula 

the  composition  was  determined  from  that  of  the  lima  sslt^  wliich  on 

Sgnition,  &c.,  gave  a  q\i;intitj  of  sulphate  of  limo  equal  to  6*3  per 
cent,  of  calcium ;       H'*  Ca  S'     requires  8-5. 

The  author  considers  the  notion  of  heat  on  caoutchouc  to  be  merely 
the  disruption  of  a  polymeric  body  into  substances  having  a  simple 
relation  to  the  parent  hydrocarbon.  He  deduces  this  view  from  the 
similarity  in  composition  ^between  pure  caoutchouc,  isoprene,  and 
csoutchine. 

The  following  Table  contains  the  principal  physicsl  properties  of 
isoprene  and  caontchine 

TabU  of  the  PAyncal  Properties  of  Isoprene  and  Caouichine, 


>ia(nc. 

Formula. 

Boiling- point. 

Specific 
gnviiy. 

Vapour-dentity. 

Bxpt. 

Calculated. 

Isopreue 
Caotiteliiiie 

C»H»« 

3r 

171* 

0-6823  at  20'' 
0-8420 

2*44 

4<es 

2-349 
4*609 

In  the  calculations  rendered  necessary  by  the  numerous  Tapour- 

density  determinations  contained  in  this  paper,  and  more  especially 
in  those  "On  some  of  the  products  of  tlie  Destructive  Distillation  of 
Boghead  Coal«"  the  author  has  so  repeatedly  had  to  ascertain  the 

Tslue  of  the  eipressbn  ,  rKi^T^Tny*  induced  to  caleu- 


l +00036/ T 

4 

*  (Note  reoeif«d  July  27.)  Both  the  ejmole  from  turpentiiie  and  that  fttwn 

caoutchine  were  converted  into  inaolinic  acid  by  bichromate  of  pota^li  and  sul- 
plmric  qomI.   The  qnantitative  detenaioaiUNU  made  on  the  silver  lalt  of  the  acid 

were  almuat  thcurcucally  exact. 

PkU.  Mag.  S.  4.  Vol.  21.  No.  149.  Jum  1861.       %  H 
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late  it  oncp  for  all  for  each  degree  of  the  Centigrade  tbennometer  from 
1°  to  150°.  As  it  is  always  easy  so  to  nianipulate  as  to  prevent  tTie 
value  of  T  falUn?  lietw^en  tVie  whole  numbers,  the  Table  proved  & 
mobt  valuuble  uicauii  ol  saving  lime ;  the  author  has  therefore  appended 
it  to  lua  jmper  in  the  hope  of  its  prorkig  equallj  usefol  to  other  irark* 
bg  chemiits. 

"  On  the  Thermal  Effects  of  Fluids  in  Motion — Temperature  of 
Bodies  moving  in  Air."  By  J.  P.  Joule,  LL.D.«  F.R.S.,  and  Pro- 
fessor W.  Thomson,  LL.D.,  F.R.S. 

All  abfltnet  of  a  great  port  of  the  preaeot  paper  has  appeared  in 
the  Fhil.  Hag.  toL  xt.  p.  477.  To  the  experiments  then  adduced 
a  hirge  number  have  iince  been  added,  which  have  been  made  hy 
whirling  thermometers  and  thermo-electric  junctions  in  the  air.  The 
result  sho^v«^  that  at  high  Telocities  the  fliermnl  rffrrt  is  proportional 
to  the  square  of  the  velocity,  the  rise  ot"  tcriiju  ratui e  of  the  whirled 
body  being  evidently  that  due  to  the  comuiuuicatiuu  of  the  Telocity 
to  a  eonitaatly  renewed  iUm  of  air.  WHh  irety  amall  Teloeitiea  of 
bodiea  of  hurge  rarAeei  the  thermal  effect  wai  very  greatly  inereaaed 
hy  that  kmd  of  ftuid  ftiction  the  effect  of  which  on  the  motion  of 
pendulonui  baa  been  inveatigated  by  Professor  Stokes. 

''On  the  Distribution  of  Nerves  to  the  Elementary  nbfcs  of 
Striped  Musde."  By  laonal  S.  Beale,  M.B.»  P.B.8. 

**  On  the  Effects  produced  by  Freezing  on  the  Physiological  Pro- 
pcrttes  of  Mttsdes."   By  Michael  Foster,  B.  A«,  M.D.  Lend. 

"On  the  alleged  Sugar-forming  Function  of  the  Li?er."  By 
Fkederiok  W.  Paty,  ALD. 

"A  new  Ozone-box  and  Test-slips."  By  £.  J.  Lowe»  Jl^.t 
F.R.A.S.,  F.L.S.  &c. 

The  ordinary  form  of  Ozone-box  being  very  cumbersome,  the  pre- 
sent one  haa  been  contrived  to  supersede  it*.  Tlie  box  is  simple  in 
constmctionj  small  in  siie,  and  cylindrical  in  form ;  the  chamber  In 
which  the  ieitsHps  are  hung  is  perfecUv  dark,  and  at  the  same  time 
there  is  a  constant  current  of  air  circulating  tliroiifrh  it,  no  matter 
from  what  quarter  of  the  compass  tlie.  wind  is  blowing.  The  air 
either  passes  in  at  the  lower  portion  of  the  box  and  travels  round  a 
circular  chamber  twice,  uutil  it  reaches  the  centre  (where  the  test- 
slipa  are  hung)  and  then  out  again  at  the  upper  portion  of  the  box 
In  the  same  circtdar  manner,  or  in  at  the  top  and  out  again  at  the 
bottom  of  the  box. 

Fig.  1  represents  a  section  of  the  upper  portion  of  the  box,  showing 
the  mnnner  in  which  the  air  enters  nnd  moves  along  to  the  centre 
chamber  (where  the  test-slip  is  hung  at  A),  and  figure  2  represents 
a  section  of  the  lower  half  of  the  box  where  the  air  circulates  iu  the 
opposite  direction,  leaving  the  box  on  the  side  opposite  to  that  on 
wiudi  it  had  entered. 

*  A  ^iciBMa  of  tbe  laitnUMnt  wm  Hirwitdsd  iilthtlis.ptpsr. 
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The  box  has  been  tested  and  found  to  work  well. 

On  three  different  dates,  when  there  was  much  ozone,  test-slips  were 
huDg  in  one  1k»z,  whilst  others  were  hnng  in  another  wlueh  had  the 
two  entrances  sealed  np  in  order  that  no  current  of  air  should  pass 
through ;  the  result  was  satisfiwtory,  Tia.  t— 

Bumple^  Mtw  ozone-b«s.        New  eaoaebea  tilled  u^ 

1  10  0 

2  9  0 

3  9}  0 

Then  again,  in  five  examples  of  test-slips  being  exposed  without 
any  box,  in  comparison  with  those  placed  in  this  new  boz«  the  result 
wast— 

Bmnile.  la  aew  eaeBe.bgt.     Bapeaed  t6  north  wilhevl 

aboi. 


1  10  9 

2  9  9 
S  7  7 

4  10  d 

5  2  0 


Tho  oiona-hox  is  capable  of  being  suspended  at  an  e1e?atlofi  abora 

the  ground  ;  and  this  appears  to  be  a  great  advantage,  because  elera* 
tion  seems  necessary  in  order  to  get  a  proper  current  of  air  to  pass 
across  the  test-slips  ;  indeed  as  an  instance  it  may  be  mentioned,  that 
at  au  elevation  of  20  feet  there  is  almost  always  more  indication  of 
Olone  than  at  5  feet. 

The  plan  adopted  here  is  to  suspend  the  hox  to  a  X  support*  it 
being  drawn  up  to  its  proper  place  by  means  of  a  thin  rope  passing 
over  a  pulley  ;  and  there  is  less  trouble  in  examining  and  changing 
the  test-slips  in  this  manner  than  there  was  in  the  old  method. 

The  box,  as  described^  is  made  by  Messrs.  Negretti  and  Zambra 
of  Hatton  Garden. 

It  has  been  urged  that  a  box  waa  scttcdj  neoessary  for  oiona 
test-shps ;  but  as  Uie  papers  fade  on  exposure  to  light,  it  must  be 
evident  that  in  order  to  register  the  wiaximnm  amouit  of  osone  a 
dark  box  is  required. 

Test-slips. — Paper-slips  being  so  fragile,  I  have  substituted  others 
made  of  calico.  The  calico  is  to  all  intents  and  purposes  chemically 
pure,  containing  only  a  few  granules  of  starch,  used  in  the  first  pro- 
cess of  its  manufacture,  which  it  is  very  difficult  to  remove,  being 
c&TelopedinthtootUm  fibre ;  it  is,  however,  thought  to  be  purer  thi^ 

S(  H  2 
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the  paper  that  i»  used  for  theie  test^sUpSp  every  preeantioii  htmag 

been  tnlcen  to  make  it  8o. 

liesitlts  of  observations. — The  f  )]lawing  Tables  liRve  been  con- 
Btructed  from  obserrations  made  between  the  Ist  of  May,  18^9,  and 
the  3 1  St  of  March,  1860. 

Tabu  I. 

Mean  amount  of  Ocone  obsenred  from  Tett-sUps  hong  for  twelre 
hours,  both  at  night  and  in  the  daytime,  in  companion  with  others 
hung  for  twenty-fonr  homs. 


4  for 
tt. 

I     Pipcn  cipoMd  for 
twea^-lMir  lioiin. 

Differenee 
between  tveWe 
bona  ukd 

DarincllMaNcilhof 

Day. 

Night. 

Differ- 
ence. 

I  JHy. 

t 

Niffbt. 

Differ- 
•Bee. 

1859.  May  

Julv  ... 

September . 
October  ... 
November .. 
December... 
I8tO.  Jannarf  ... 
fabroary  ... 

04 

0-  8 
09 
07 

1-  9 
05 
1-5 

1-  7 

2-  8 
23 
49 

1-3 
09 
10 

1-  4 
2*6 
0-7 
17 
20 

2-  8 
2-8 
5-2 

09 
0  1 
01 
07 
0-7 
02 
02 

oa 

0K> 

05 
03 

M 
1-3 
1-2 

1-  2 
25 
0  7 
I'H 
21 
3-2 

2-  6 
52 

1-9 
15 
1-3 
18 
8-0 
0-9 
21 
25 
35 
30 
5-6 

0-8 

0-2 

01 

06 

05  1 

0-2 

03  1 

04 

0-3 

04 

0-4 

07 
0-5 
03 
05 
0^ 
0*2 
0-3 
04 
04 
0-3 
03 

06 
06 
03 
0*4 
0*4 
0-2 
0-4 
05 

07 
02 
04 

1-7 

f-0 

0-8 

»l 

i-s 

0-4 

0*4 

0-5 

Tbo  ozone  bcmcr  always  in  excess  in  the  night,  and  the  tests  exposed 
for  tweiitj-four  hours  showing  always  an  excess  over  those  only  ex- 
posed for  tweWe  hours. 

Tablb  II. 

Number  of  obserrations  without  any  risible  ozone. 


Dwtatlhedqr* 


TweWe  houn' 

Twcuty-four 
houn'  exposure. 

Twelve  hours' 
exposure. 

Twenty-four 
botan' eipoittrt. 

9 

19 

19 

18 

15 

9 

18 

12 

18 

13 

10 

4 

15 

9 

September- 

2 

0 

0 

0 

October  ... 

16 

12 

18 

14 

November.. 

10 

I  ' 

10 

10 

December... 

10 

S  ' 

7 

8 

1860.  January  ... 

8 

7 

6 

February  ... 

12 

^  i 

9 

9 

0 

^  ! 

0 

0 

Number  nf  davs . . . 

118 

86 
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Mean  amoimt  of  oione  with  the  box  suspended  at  the  height  of 

25  feet. 

1859.  December  24  hoars'  ezposnre  ^3*0      48  hours'  expoiwe  =5*0 

1860.  Janunry...  24  hours'  exposure  =3'9  .  48  hours'  exposure  =4'5 
February  24  hours'  exjKMure  =37  48  hours'  exposure  =5'4 
March  ...  24  hourt'  esponure  s5*9      48  hoars'  exposure  b€*4 

Mean  amount  of  ozone  with  the  box  suspended  at  the  height  of 
40  feet,  March  1860,  with  twenty-four  hours*  exposure  bs7*1. 

( 

CAMBRIDGE  PHILOSOPHICAL  80CISTT. 

f  Contiiiiied  from^foL  Xfiii.  p*  316.] 

October  81. 1859. — A  eommmucatioa  ^mouuleby  Mr,  Hoplcina 
"  On  the  construction  of  a  new  Calorimeter  for  detcnmning  the 
Radiating  Power  of  the  Soriiaces  of  Heated  Bodies." 

November  14. — A  communication  was  made  by  the  Master  of 
Trinity  College  "On  the  Mathematical  part  of  Plato's  Meno." 

November  28. — The  Rev.  Dr.  Donaldson  read  a  paper  **  On  the 
Origin  and  proper  value  of  the  word  '  Argument/  " 

The  author  first  investigated  the  etymology  and  meaning  of  the 
Latin  verb  arguo,  and  its  participle  arguius.  He  showed  that  arffuo 
was  a  corruption  of  arpmo  ss  ad  gruo ;  that  fruo  (in  wyruo,  ingnto, 
eoiigruo)  ought  to  be  compared  with  xpovui,  which  means  "  to  dash 
one  thing  against  another,*'  cspeciaUy  for  the  purpose  of  making  a 
shrill,  ringing  noise  ;  that  arguo  means  "  to  knock  something  for  the 
purpose  of  makinp;it  ring,  or  teftini^  It^  soumiucs?,  '  hence  "  to  test, 
examhie,  and  prove  anything;"  and  ihnt  argutus  signitiea  "  made  to 
ring,"  hence  **  making  a  distinct,  shnli  noise,"  or  "  tested  and  put 
to  the  proof."  Accordingly  argumentum  means  idguodargmt,  **  diat 
which  makes  a  substance  ring,  which  80unds»  examines,  tests,  and 
proves  it." 

It  was  then  shown  that  these  meanings  were  not  only  borne  out 
by  the  cla?sienl  ii?age  of  the  word,  but  nlso  by  the  technical  appU* 
cation  of  "  arinuaciit "  as  a  logical  tena.  For  it  is  not  equivalent 
to  "  arguniLiitatiou,  "  or  the  process  ul  reasoning;  it  does  not  even 
denote  a  eumplete  syllogism ;  though  Dr.  Whately  and  some  other 
writers  on  logic  have  fallen  into  this  Tague  use  of  the  word,  and 
though  it  was  so  understood  in  the  dbpntationa  of  (the  Cambridge 
schools.  The  proper  use  of  the  word  **  argument"  in  logic  is  to 
denote  *'  the  middle  term,"  i.  e.  **  the  term  used  for  proof."  In  a 
sense  similar  to  this  the  w  ord  is  employed  by  mathematicians  ;  and 
there  can  be  no  doubt  that  the  oldest  and  best  logicians  confine  the 
word  to  this,  which  m  stiii  its  most  common  signitication. 

The  author  entered  at  some  length  into  the  Aristotelian  definition 
of  the  mktkgmeme,  which  may  be  rendered  approximately  by  the  word 
"argument."  He  also  explained  how  the  words  "topic"  and 
"  argument "  came  to  denote  the  sulject  of  n  disoouiae  or  ctcd  of  a 
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picture.  He  showed,  by  a  collection  of  examples  from  the  best 
English  poets,  that  the  established  meanings  of  the  word  "  argu- 
ment"  are  reducible  to  three:  (1)  a  proof  or  means  of  proving; 
(2)  a  process  of  reasoning  or  controversy  made  up  of  such  proofs  ; 
(8)  the  svbjeet  matter  of  any  diicoiina,  writing,  or  pietore*  And  he 
maintained  that  the  seeond  of  these  meanings  ought  to  he  ezdndcd 
from  scientific  language. 

December  12.~The  following  paper  from  the  Astronomer  Royal 
was  read,  "Supplement  to  the  proof  of  the  Theorem  that  'Everj 
Algebraic  Equation  has  a  Root.' " 

The  author  eippsssed  his  want  of  oonfidenee  in  every  result  ob» 

tained  by  the  u«e  of  ima^narv  ?vmbol«,  nnd  in  this  supplement 
demonstrated  that  the  left-hand  member  of  every  algebraic  equation 
of  the  form  <f,{x)—0  admitted  of  resolution,  either  into  real  linear 
factors,  or  mto  real  quadratic  (actors. 

Profe«?or  Miller  also  made  a  communication  "  On  a  new  pnrtnble 
form  uf  Heliotrope,  and  on  the  employment  of  Camera  Iiucida prisma 
and  right-angled  prisms  in  surveying." 

February  13,  1860. — ^The  Rev.  H.  A.  J.  Munro  read  a  paper 

"  On  the  Metre  of  an  Inscription  copied  by  Mr.  Blakesleyt  Wl^ 
printed  by  him  in  his  '  Four  Months  in  Algeria,'  p. 

Fehniary  37. — The  Rev.  l^lessor  Sedgwick  made  the  following 

eommunications : — 

1 .  "An  account  of  Mr.  Barrett's  progre??  in  the  Survey  of  Jamaica, 
with  some  remarks  on  the  Distribution  of  Gold  \'cins." 

2.  "  Some  account  of  the  Geological  Discoveries  in  the  Arctic 
Regions." 

March  12. — ^The  Rev.  Professor  Challis  made  a  communicatioo 
•*0n  the  Planet  within  the  orbit  of  Mercury,  discovered  by  M. 

Lescarbault." 

By  a  recent  comparison  of  the  theory  of  Mercury's  orhit  with 
ehssffation,  M.  Lemrier  found  that  the  calculated  seeular  motbn 
of  $he  perihelion  of  that  planet  requires  to  be  inereased  by  SS'',  and 
Iftmt  this  difference  between  observation  and  theory  cannot  be  ae« 

counted  for  by  the  attractions  of  known  bodies  of  the  solar  system. 
In  B  letter  addressed  to  M.  Faye,  and  published  in  tlic  Pans  Meteo- 
rological Bulletins  of  October  4,  5,  and  6,  1859,  he  snirire^ted  that 
the  difference  might  bo  due  to  the  attractiuu  uf  a  group  ot  small 
planets  ciieulattng  between  Mereniy  and  the  Sun.  On  Deceniber  9S 
af  the  same  year,  M*  Lescarbault,  a  physician  and  amateur  astro- 
nomer, fSskUng  at  Org^res,  about  sixty  miles  south-west  of  Paris, 
announced  in  a  letter  to  M.  Lcverrier  that  he  had  seen  otf  March  26, 
1859,  a  small  round  «pot  traversing  the  sun's  disc,  which  he  con- 
sidered to  be  a  planet  inferior  to  Mercury.  Naturally  much  inter- 
ested by  this  iulormution,  M.  Leverrier  went  to  Org^res  on  Decem- 
ber 91,  and  after  dosely  inteirogating  M.  Lescarbault  respecting  the 
jaitieiihffS  of  the  obsetvatiaii,  and  the  instrumental  means  by  which 
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it  was  made,  he  returned  with  the  coavictioa  that  the  observation 
wms  trustworthy,  and  that  a  new  planet  had  been  diaeovered 
(Gm^Im  B§adM9,  January     1860^  p.  40). 

M.  Laaeaibault  had  long  conceived  the  idea  of  dttaoting  inferior 
planeta  by  watching  the  sun's  diik  for  tnmsits,  and  in  1858  he  put 
nis  project  into  execution.  He  was  in  poiaession  of  a  G^ood  telescope 
of  'Sj  luches  aperture  and  5  feet  focal  length,  mounted  with  an  alti- 
tude and  azimuth  movement,  and  provided  with  a  tinder  magnifying 
6  times.  The  power  of  the  eyepiece  employed  in  the  observatioaa 
ef  March  30  was  ISO.  Not  being  fumiehcd  with  •  poittioti^etrele* 
he  adopted  the  following  ncena  of  obtaining  angular  raeesureaenti* 
The  eyepiece  of  the  teleecope  and  the  eyepiece  of  the  finder  each 
had  nt  it?  focti?  twn  wires  crossing"  at  rir^ht  anc^lps,  nnd  the  wires  of 
the  latter  were  so  adjusted  that  a  star  seen  at  their  intersection  was 
seen  at  the  same  time  at  the  intersection  oi  the  wires  of  the  telescope. 
There  were  also  in  the  eyepiece  of  the  finder  two  wires  parallel  to, 
aad  on  opposite  tidei  of,  eaeh  erost-wiret  and  dletant  by  about 
A  euponlar  eard  about  6  inches  in  diameter,  sad  gradiiBled  to  half 
degrees,  was  placed  eoncentrio  with  the  tube  of  the  eyepiece  of  the 
finder,  and  apparently  could  be  moved  both  about  the  tube  and,  with 
the  tube,  about  the  axis  of  the  finder.  A  cross-wire  of  the  telescope 
and  a  cross- wire  of  the  finder  were  adjusted  vertically  by  looliiug  at 
a  distant  |>lumb-line,  and  the  diameter  of  the  card  containing  the 
aero  of  its  graduation  was  placed  vertically  by  means  of  a  small  plumb* 
line  aad  eye*hole  approximately  arranged  for  that  purpose.  Tha 
mode  of  using  this  apparatus  for  angular  meaaurementa  will  be  seen 
by  the  following  account  of  the  observations.  The  obaerfsr  had 
alio  a  small  transit-instrument  by  which  lie  obtained  true  time,  u«ing 
for  timepiece  his  watch,  which,  as  it  only  indicated  nunutes,  rSi^uired 
the  supplement  of  a  temporary  seconds'  pendulum. 

In  the  account  which  M.  Lebcarbault  gives  of  his  ohsicrvations,  he 
says  that  it  had  been  his  practioe  to  ezamiaa  with  the  telescope  tha^ 
contour  of  the  sun  for  a  considerable  interval  on  each  day  in  whidi 
he  had  leisure,  and  that  at  length,  on  March  26, 1859,  he  saw  a  small 
round  ?pnt  near  the  Wmh,  wliich  he  immediatclv  broui^ht  to  the  inter- 
section of  the  wires  of  the  telescope,  i  iien,  according  to  his  state- 
ment, he  quickly  turned  the  craduated  card  till  two  of  the  wires  of 
the  finder  were  tangents  to  the  auu^i^  laiibi«,  ur  ei^uidistant  from  them. 

But  it  is  evident  that  to  efieet  an  angular  aMSSureaient  in  tiiis  way^ 
ens  of  the  middle  wires  of  the  finder  most  have  been  placed  tsagen* 

tially  to  the  sun's  limb  at  the  point  of  their  intersection,  to  which 
point  the  spot  had  just  been  brought.  Assuming  that  this  operation 
was  performed,  the  aniz^ular  distance  of  the  point  from  the  vertical 
diameter  of  the  sun  nui^lit  be  read  otF,  as  the  account  states  that  it 
was,  by  applying  the  plumb-line  apparatus  to  the  graduated  card. 
This  method  comd  only  give  a  rough  measure  of  the  angular  position 
of  a  point  very  near  the  sun's  limb ;  and  in  het  M.  Lescarbsnlt  dees 
not  appear  to  have  attempted  to  determine  the  posidon  of  the  spot 
during  the  interval  between  the  beginning  and  the  end  of  the 
tMDsit.  He  statss  that  the  spot  had  snterad  a  little  way  oa  the  sob 
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when  he  fint  taw  it,  and  that  the  time  and  place  of  entnace  wm 
infefred  by  estimation. 

The  following  rit  the  immediate  reEults  of  the  obeervations 
ITie  spot  entered  at  4''  5'"  3G'  raean  time  of  Org^res  at  the  an^lar 
distance  of  67°  22'  from  the  north  point  toward*  the  west,  and  de- 
parted at  5**  22"  44",  at  85°  45'  from  the  Mjuth  point  towards  the 
west,  occupying  consequently  in  its  transit  1''  17"^  6\  The  length 
of  the  chord  it  described  waa  9'  14",  and  ita  least  dbtance  from  the 
inn's  centre  15'  32".  M.  Lescarbanlt  aho  states  that  he  judged  the 
apparent  diameter  of  the  spot  to  be  at  most  one-fbaitb  of  that  of 
Mercury,  when  seen  by  him  with  the  same  telescope  and  magnifying 
power  during  its  transit  across  the  sun  on  May  8,  1845.  The  lati- 
tude of  Orgirres  is  48°  8'  35",  and  longitude  west  of  Paris,  2"  35*. 

From  these  data  M.  Leverrier  ascertained,  by  calculating  on  the 
hjpodiesis  of  a  circular  orbit,  that  the  longitude  of  the  ascendbg 
node  is  59^,  the  inclination  13"  lO',  the  mean  distance  0*1437» 
that  of  the  earth  being  unity,  and  the  periodic  time  19*7  days.  Also 
.he  found  that  the  ^eatest  elongation  of  the  body  from  the  sun  is  8°, 
the  inch'nation  of  !t«»  orbit  to  that  of  Mercury  7°,  the  real  ratio  of 
its  dianieter  to  Mercury's  1  to  2*58,  and  that  its  volume  one- 
seventeenth  the  volume  of  Mercury  on  the  supposition  of  equal  den- 
sities, i  his  mass  is  much  too  small  to  account  for  the  perturbation, 
of  Mercury's  perihelion.  According  to  these  results,  the  periods  at 
which  transits  may*  be  expected  are  eight  days  before  and  after 
April  2  and  October  5,  the  body  being  between  the  earth  and  son 
near  its  descending  node  at  the  former  period,  and  near  its  ascend* 
ing  node  at  the  latter. 

After  the  announcement  of  tfiis  .'-inaahir  discovery,  it  was  found 
tliat  other  observations  oi  u  like  kind  hud  been  previously  made. 
Sereral  instances  are  ccdleoted  by  Professor  VTolf  in  tibe  tenth  num- 
ber of  his  Mittheibmgeu  Mber  die  Sennenjlecken,  eight  of  which  are 
quoted  in  vol.  xx.  (p.  100)  of  the  Monthly  Notices  of  the  Royal 
Astronomical  Soaety.  Two  of  these,  the  observation  of  Stark  on 
October  9,  1819,  and  that  of  Jenitsch  on  October  10,  1R02,  n«7-ee 
sufficiently  well  with  the  calculated  position  of  the  node  of  the  object 
seen  by  Lescarbault.  But  the  spot  seen  by  btark  is  stated  to  have 
been  about  the  size  of  Mercury. 

Capel  Lofft  saw  at  Ipswich,  on  January  6,  1818,  at  11  a.k.,  a 
spot  of  a  '  sub-elliptic  form,'  which  advanced  rapidly  on  the  ^un'a 
disc,  and  was  not  visible  in  the  evening  of  the  same  day  (M<mthly 
Magazine,  pnrt  1,  p.  102). 

Mr.  iienj.-.nii!!  Scott,  Chamberlain  of  iiondon,  saw  about  mid- 
summer of  1847  a  Inrge  and  well-defined  round  spot,  comjmrable  in 
apparent  size  with  \'euus,  which  had  departed  at  sunrise  of  the  next 
day  (Evening  Mail,  January  11,  l8bUj. 

Psstorff  of  Buchholz  records  that  he  saw  on  October  28  and 
November  1,  1836.  and  on  Februsry  17,  1837,  two  round  black 
spots  of  unequal  ?i/.c,  moving  acre??  the  sun  at  the  respective  hourly 
rates  of  14',  7",  and  28'.  Also  he  announced,  January  9,  1835,  to 
the  Editor  of  the  Astronomitche  Nachnchten,  that  "six  times  in  the 
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previous  year  be  had  seen  two  new  bodies  pass  before  tLe  sun  in  dif> 
f  erent  directions  and  with  different  velocities,  llie  larger  was  about 
3"  in  diameter,  and  the  smaller  from  I"  to  1"*35.  Both  appeared 
perfectly  round.    Sometimes  the  smaller  preceded*  and  at  other 

times  the  larcrfr.  The  greatest  obscrv<>(!  interval  between  them  was 
1'  16":  at  lirnes  they  were  very  near  each  otlicr.  Their  passage 
occupied  a  few  hours.  Both  appeared  as  black  as  Mercury  on  the 
sun,  and  had  a  &harp  round  form,  which,  howevei,  especially  in  the 
smaJler,  was  difficult  to  distinguish."  Schumacher  considered  it  his 
duty  as  editor  to  insert  the  communication,  but  evidently  did  not 
give  credit  to  it  (Astrim,  Naehr*  No.  273). 

In  vol.  ii.  of  the  Correspondence  between  Olbcrs  and  Bessel, 
mention  is  made  in  p.  162  of  an  observation  at  Vienna  by  Stcinhubel, 
of  a  dark  and  well-defined  ppot  of  circular  terra  which  passed  over 
the  sun  s  diameter  in  dve  hours.  Gibers,  from  these  data,  estimates 
the  distance  from  the  mm  to  be  0*19,  and  the  periodic  time  thirty 
days.  It  18  remarkable  that  Stark  saw  about  noon  of  the  mmt  day 
a  singular  and  well-defined  circuhur  spot,  which  was  not  visible  in 
the  evening.  This  is  one  of  the  instances  in  vol.  zz.  of  the  Monthly 
Notices  of  the  Astronomical  Society. 

These  accounts  appear  to  prove  that  transits  of  dark  round  objects 
across  the  sun  are  real  pha?nomena ;  but  it  would  perhaps  be  prema- 
ture to  conclude  that  they  arc  planetary  bodies.  If  the  object  ob- 
served by  Lescarbault  be  a  planet,  it  is  certainly  very  surprising  that 
it  has  not  been  often  seen.  Schvrabe,  after  observations  of  the  eun'a 
ftoe  continued  through  thirty-three  yearsi  has  recorded  no  instance 
of  such  a  transit.  it  is  probable  tliat  now  attention  has  been  espe- 
cially drawn  to  the  subject,  tuture  observations,  accompanied  by 
measures  (of  whieh  Lesrarbanlt's  are  the  first  instance),  may  throw 
light  ou  the  nulure  of  these  phieuomeiia. 

April  23. — Professor  De  Morgan  read  a  paper  "  On  the  SyUogian* 

No.  IV.,  and  on  the  Logic  of  Relations." 

Tn  tlie  third  pn]>fr  Mere  prej^cntcd  tlic  clement^  of  n  system  in 
which  only  onymadc  relations  were  considered  ;  that  is,  relations 
which  arif^c  out  of  the  mere  notion  of  nomenrlature — relations  of 
name  to  name,  as  names.  The  prcisent  paper  considers  relation  in 
general.  It  would  hardly  be  possible  to  abstract  the  part  of  it 
which  relates  to  rdatioii  itself,  or  to  the  author's  controversy  widi 
the  logicians,  who  declare  all  relations  matertal  except  those  which 
are  onymatic,  to  which  alone  they  give  the  name  of  formal,  Mr. 
Dc  Morgan  denies  that  there  is  any  purely  formal  proposition  except 
"  there  is  the  ])robabiHty  a  that  X  is  in  the  relation  L  to  Y  and 
he  maintains  that  the  notion  '  material '  non  suscipit  magis  et  minus ; 
so  that  the  relating  copula  is  as  much  materialized  when  for  L  we 
read  identical  as  when  for  L  we  read  grandfather. 

Let  X  . .  LY  signify  that  X  stands  in  the  relation  L  to  Y ;  and 
X  .  LY  that  it  does  not.  Let  LM  signify  the  relation  compounded 
of  L  and  M,  so  that  X  .  .  LMY  signifie-  that  X  is  an  L  of  an  M  of  Y. 
In  the  doctrine  of  eyiiogism,  it  is  necessary  to  take  account  of 
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combinations  Involving  a  sign  of  inherent  quamtUp,  as  follows 

By  X .  .  LM'Y  is  sinriificd  thnt  X  1=^  an  L  of  et^ert/  W  of  Y. 

By  X  . .  L^MY  it  is  sis^nitied  that  X  is  an  L  of  none  but  Ms  of  Y. 

The  contrary  relation  of  L,  not  -L,  is  signified  by  /.  Thus  X  .  LY  if 
identical  with  X  . .  ^Y.  The  converse  of  L  is  signified  by  L"^ :  thus 
X..LY  19  identical  with  Y.-L^'X.  This  is  denominated  the 
h-verse  of  X,  and  may  be  written  LX  by  those  who  prefer  to  avoid 
tbe  nathemalical  sjinbol. 

The  attachment  of  the  sign  of  inherent  quantity  to  the  symbols  qf 
relation  is  the  removal  of  a  difficulty  which,  so  long  as  it  lasted,  pre- 
vented any  satisfactory  treatment  of  the  syUogbm.  There  i?  nothing 
more  in  X..LM'Y  than  in  every  M  of  Y  is  an  L~*  of  X»  or 
MY))L~'X,  X  and  Y  bcin^  individuals;  and  nothing  more  in 
X  .  t  LMY  than  in  L"  'X))M  Y,  except  only  the  atta«hment  of  the 
idea  of  quantity  to  the  combination  of  the  relation. 

When  X  is  related  to  Y  and  Y  to  Z,  a  relation  of  X  to  Z  followF: 
and  the  relation  of  X  to  Z  is  compounded  of  the  relations  of  X  to  Y 
and  y  to  Z.  And  this  is  ayUogism.  Accordingly  every  syllogism 
has  ita  inference  really  formed  in  the  first  figure,  with  both  premiaet 
iffivmtttve.  For  example,  Y  •  LX  end  Y  • .  MZ  are  piomites  atnted 
In  the  third  igurei  they  amount  to  X..L~^Y  and  Y..MZ, 
giving  X .  •  l*'MZ  far  eoncliiaion.  This  affirmative  form  of  eonelu* 
alon  may  he  rqilaeed  by  either  of  the  negative  forms  X .  IT  *M'Z  or 

Trie  arrangement  of  all  the  forms  of  syllogism,  the  disensaton  of 

points  connected  with  the  forms  of  conclusion,  the  extension  from 
individual  terms  in  relation  to  quantified  propositions,  the  treatment 
of  the  particular  cases  in  which  relations  are  convertible,  or  transi- 
tive, or  both — form  the  bulk  of  the  paper,  so  far  as  it  is  not  contro- 
versially directed  against  those  who  contend  for  the  confinement  of 
the  syllogism  to  what  Mr.  De  Morgan  calls  the  onymatic  ibim* 

An  appendix  follows  the  paper*  on  syllogism  of  transposed  quan- 
tity, in  which  the  niimher  of  instances  included  in  one  premise  is 
equal  to  the  whole  number  of  existing  indtances  of  the  concluding 
term  in  the  other  premise. 

Mr.  J.  H.  Riihrs  also  read  a  paper  "  On  the  Motion  of  Bows,  and 

thin  Elastic  Rods." 

May  7. — The  Hev.  Professor  Sedgwick  made  a  communication 
"  On  the  Succession  of  Organic  Forms  during  lonrr  Erejlogical 
periods }  and  on  certain  Theories  which  profess  to  account  fur  the 
origin  of  new  apeeies/' 

May  91 . — The  PnhUc  Orator  read  a  On  the  Pronunciation 

'  of  the  Ancient  and  Modem  Greek  Languages/* 

He  gave  a  rapid  sketch  of  the  "  Reuchlin  and  Erasmns**  contro* 

versy  in  the  sixteenth  century,  especially  the  part  taken  in  it  at 
Cambridge  by  Chcke,  Smith,  Ascham,  nnd  Bishop  Gardiner;  and 
then  proceeded  to  show  how  the  proper  sounds  of  the  Greek  letters 
may  be  determined  from  the  following  sources 
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1.  Distinot  ital»meats  of  mnuBBriant. 

3.  Incidental  notices  in  other  ancient  anthon. 

3*  Variations  in  writing  of  inscriptions  and  MSS* 

4.  Phonetic  spelling  of  cries  of  animali. 

5.  Puns  and  riddles. 

6.  l*he  value  of  the  respective  letters  in  other  UuignagtS  employ* 
ing  the  same  alphabet,  especially  Latin. 

7.  The  way  in  which  Latin  proper  names  are  spelt  in  Greek,  and 
vtcf  nertif. 

8.  The  tnuUtiona  of  pronttneiation  prwerved  in  modem  Greek. 
He  oonelttded  that,  on  the  whole,  the  method  of  Erasmus  ap« 

proached  more  nearly  to  the  aneient  pronnnetatiDB  than  that  of 

Reuphlin. 

"  But,"  he  proceeded,  "  wlien  we  consider  the  imtrust worthiness 
of  c;ich  of  these  sources  of  evidence  taken  singlv,  and  when  moreover 
we  had  them  often  in  conflict  with  one  another,  it  cannot  be  ex< 
pecCed  that  the  reaolt  ehoaU  be  very  certain  or  very  satiaihctory. 
There  are  also  other  considerations  whieh  enhance  the  di(fioolty  of 
the  inquiry.  As  there  were  very  marked  dialectic  varieties  in  Oretoe, 
•o  there  may  have  been  local  variations  even  in  Attica  itself. 

"  The  pronunciation,  too,  changed  from  time  to  time.  Plato  givee 
us  proof  of  this  in  the  '  Cratyius.'  *' 

After  quoting  several  instances,  and  showing  that  great  changes 
both  in  pronunciation  and  spelling  had  taken  place  in  modem  lan» 
guages,  French,  Spanish,  and  SngUsb,  '*  it  would,"  be  iaid,  **be 
bopeleea  to  attempt  to  determine  the  pronnneintion  of  any  language 
by  a  reference  to  ita  orthography  at  a  time  when  botb  were  perpe* 
tually  changing.  But  in  the  history  of  every  nation  there  arrives  a 
time  when  the  creative  energy  of  its  literature  seems  to  have  spent 
itself  ,  when,  instead  of  developing  new  forms,  men  begin  to  look 
back  and  not  forward,  to  comment  and  to  criticise.  Then  it  is  that 
a  language  begins  to  assume,  even  in  minor  and  merely  outward 
points,  aueh  as  pronunoiation  and  epeUing,  a  fixity  and  rigidity 
wbieb  it  retaiaa  with  leareely  any  ehaage  to  long  aa  the  patioa 
bolda  together.  Such  a  period  in  Greek  history  was  that  whiob 
began  with  the  gprammarian  sophists  in  the  fifth  century  b.c,  and 
culminated  in  Aristarchus  and  Aristophanes  of  Byzantium.  In  the 
spelling  and  pronunciation  of  Greek  there  was  probably  very  little 
change  from  that  time  to  the  end  of  the  third  century  a.d." 

October  19. — Dr.  Paget  made  a  communication  "  On  some  Points 
in  the  Physiology  of  Laughter.'* 

November  12. — ^The  Public  Orator  read  a  paper  (a  leiilicl  to  that 
on  May  21)  '*  On  the  Accentuation  of  Ancient  Greek." 

The  question  of  accents  wns  not  discussed  in  the  Reuchlin  nnd 
Erasmus  di?p»^te.  At  that  time  all  pronounced  accardinf;  to  the 
system  of  accents  introduced  by  the  Greeks  of  Constantmopie,  who 
hrst  taught  the  ancient  language  to  the  Italians. 

It  was  probably  in  Eliiabetb'a  reign  that  we  began  to  dianea  tha 
old  pronunciation  of  Towels  both  in  Greek  and  Latin ;  and  eoncnr- 
renUy  with  thie  change  we,  aa  well  as  the  other  imtioBa  at  XBrepe» 
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began  to  pronounce  Greek,  not  with  the  modem  Greek,  hut  with 

the  L&tin  accent.    The  reasons  were  : — 

1.  Teacl^crs  speaking  the  modern  Greek  were  no  longer  required, 
6o  the  trafliiioii  was  not  kept  up. 

2.  it  :>aved  much  trouble  to  pronounce  both  languages  with  the 
tame  aoeentiifttion. 

8,  The  Giedc  accent  perpetually  clashes  with  quantity;  the 
Latio  much  more  rarely ;  never,  indeed,  in  that  syllable  of  which 
the  quantity  is  most  marked — thu  jH  tmltimn. 

T«aHc  Vo??ius  (1 650-60)  advocated  the  disueeof  accentual  marks 
altoL^ethi  r,  us  the  invention  of  a  barbarous  age  to  perpetuate  a  bar- 
barous pronunciation. 

After  showing  the  meaning  of  the  word  'accent'  as  uplied  to 
modem  languages,  and  discfusing  the  accentuation  of  the  Gemaii* 
English*  FVencb,  &c.,  he  proceeded  to  say : 

«'  There  are  three  methods  of  emphasiasing  a  syllable: — 

1.  By  raising  the  note  ; 

2.  By  prolontring  tlie  sound; 

3.  By  iiicreasiiig  its  volume. 

"  Scaiiger,  De  Camis  Lingua  Latina^  lib.  ii.  cap.  52,  reco|pnizea 
tide  difii^on  when  he  says  that  a  syllable  maj  be  considered  of three 
dimensions  in  sonnd,  having  height,  length,  and  breadth. 

"  Now  in  our  own  language,  when  we  accent  a  syllable,  which 
of  these  dimensions  do  we  increase?  Gencrnllv  rill  three,  but  not 
nere««?fir!W  :  for  when  the  prayers,  for  example,  are  intoned,  i.e. 
read  upon  one  nuti  ,  tiie  accent  is  marked  by  increasing  the  volume 
of  sound  (the  tliird  metliod),  which  luvoivcs  also  a  longer  time  in 
utterance,  i.  e,  a  lengthening  of  quantity.  In  speaking,  all  three 
methods  axe  employed,  but  one  more  prominently  than  the  other* 
according  to  individual  peculiarities  of  the  speakers.  What  we 
blend,  the  Greeks  kept  distinct. 

"  We  cannot  understand  tlie  Greek  system  unless  we  brnr  this  in 
mind,  niey  never  confounded  accent  with  quantity.  Ineradicable 
habit  prevents  us  from  reverting  in  practice  to  their  method,  just  aa 
they  w  ould  have  been  unable  to  comprehend  ours. 

-  It  is  clear  from  Dionysius,  De  Ckmp,  Verb,  lib.  xi.  cap.  75,  that 
the  dialogue  in  tragedy  preserved  the  ordinary  accentuation,  which 
was  disregarded  only  in  choral  passages  set  to  music." 

The  practical  conclusion  was  this:  that  while  it  would  be  desirable, 
if  possible,  to  return  to  the  Erasmian  system  of  pn  jnuiiciation,  it 
would  be  extremely  absurd  to  adopt  the  barbarous  accentuation  of 
modern  Greek,  which  has  quite  lost  the  old  essential  distinction 
between  accent  and  quantity.  In  this  respect,  as  we  cannot  recover 
practieaUy  the  ancient  method,  it  is  better  to  keep  to  our  own  system 
of  the  Latin  accent,  which  does  not  confuse  the  learner's  notion  of 
quantity  in  verse  as  the  modern  Greek  does. 

An  Athenian  boy  has  the  greatest  difficulty  in  comprehending  the 
rhythm  of  Homer  or  Sophocles.  Hence  it  is  not  blind  })rejudice 
(as  Professor  Blackie  asserts)  which  makes  us  keep  to  our  old  usage, 
but  a  well-grounded  conviction  that  we  should  lose  moie  bj changing 
thmi  we  should  gain. 
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November  26. — Professor  ChaUismftde  a  eommumcation  "  On  the 
8olar  £cU{»se  of  July  18,  1860." 

December  10. — Mr.  Seeley  read  a  *'  Notice  of  Opinions  on  the 
Red  limeatone  at  Hunstanton." 

Profenor  Miller  also  described  *'  An  Instrament  for  measuring  the 
ladii  of  ares  of  Rainbows/' 

Febmary  11,  1861.— Mr.  H  D  Madeod  read  a  paper  "On  the 
present  State  of  the  Science  of  Political  Economy."  , 

The  writer  took  a  general  survey  of  the  science  as  it  at  present 
exists,  testing  several  generally  received  doctrines  by  the  principles 
of  inductive  logic,  and  earnestly  entorcing  the  necessity  oi  a  thorougli 
reform  oi  ilie  whole  science,  which  must  be  constmcted  on  pnn* 
ciples  analfl^ous  to  those  of  the  other  inductive  sciences. 

Febnwry  25. — Dr.  Humphry  made  a  cuoununication  "  On  the 
Growth  of  Bones." 

March  11.— The  Master  of  Trinity  made  a  commnaicatuni "  On 
the  llnueus  of  Plato." 


LXX.  InteUigenee  and  BiUceUaneom  Artiekw, 

ON  THX  OPTICAIf  PAOFE&TIES  OF  THE  P1CA4TE  OF  MAHQANESS. 

BY  M.  CAREY  LEA. 

BREWSTER  and  llaidiiiger  have  described  a  remarkable  property 
possessed  by  certain  crystalline  surfaces,  of  reflecting,  besides 
the  ray  normally  polarized  in  the  plane  of  incidence  and  reflexion* 
another  ray,  polarized  perpendicularly  to  that  plane,  and  differing 
from  the  former  in  being  colottred — a  property  rendered  more  con* 
^icuous  by  the  fact  that  the  colour  of  the  ray  so  polarized  abnormnlly 
Is  either  complementary  to,  or  at  least  quite  distinct  from  the  colour  of 
the  crystal  itself. 

I  find  that  llu^i  properly  itn  possessed  to  a  remarkable  degree  by  the 
picrate  of  manganese.  This  salt  crystallizes  in  large  and  beautifnl 
transparent  right-rhombic  prisma,  sometimes  amber«yellow,  some- 
times aiirora-red,  exhibiting  generally  the  combination  of  principal 
prism,  and  macrodiagonal,  brachydiagonal  and  principal  end  planes. 
In  describing  this  substance  in  a  paper  on  picric  acid  and  the  picrates*, 
I  mentioned  that  in  a  great  number  of  specimens  exatniucd,  no  planet 
except  those  parallel  with  or  perpendicular  to  the  principal  axis  had 
been  met  with.  Since  then  I  have  obtained  in  several  crystalliza- 
tions specimens  exhibiting  a  brachydiagonal  domn ;  but  this  appears 
to  be  r&ther  unusual. 

The  optical  pn^rties  of  this  salt  are  very  interesting.  It  exhibits 
a  beautiful  dichroism.  If  tlic  crystal  be  viewed  by  light  transmitted 
in  the  direction  of  its  principal  axis,  it  apjjcars  of  a  pale  straw-colour, 
in  any  other  direction,  rich  auroin-red  in  sonip  specimens,  in  others 
salmon>colour.  A  doubly  rcli acting  acliromatizcd  prism  gives  images 
of  these  two  colours,  unless  the  light  he  transnutted  along  the  principal 
axis  of  the  crystal  of  pierate,  in  which  case  both  are  pale  stmv*ooloor« 

•  SilUmsn's  Amerieaa  Joomsl,  Nor.  ia58. 
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But  it  also  po88e?«e9  in  a  high  degree  the  property  of  reflecting 
two  oppositely  polarized  beams  ;  and  the  gTea.t  size  of  the  crystals  in 
which  it  may  readily  he  obtained  renders  it  peculiarly  fitted  fo? 
optical  examination.  U  one  ot  these  crystals  be  viewed  by  reflected 
light  while  it  is  held  with  its  principal  axia  lying  in  the  plane  of  io- 
doenoe  and  leflexioo,  the  reflected  light  la  foiind  to  be  not  pure 
white*  but  to  have  a  purple  shade.  Examined  with  a  rhombohednm 
or  an  achromatized  prism  of  Iceland  spar,  having  its  principal  axis 
in  the  plane  of  incidence  and  reflexion,  the  ordinary  image  is  white 
as  usual,  wliilc  the  extraordinary  is  of  a  fine  purple  colour,  the  phe- 
uumenon  having  the  greatest  distinctneaa  when  the  light  is  incident 
at  the  angle  of  maximum  polarisation* 

The  experiment  nay  be  varied  and  the  purple  li^t  beautifully 
seen  without  the  nae  ^  a  doubly  reflecting  prism,  by  allowing  only 
light  polarized  perpendicularly  to  the  plane  of  incidence  to  fall  on 
the  crystal ;  in  thi^'  cn«o  the  surface  of  the  crystal  appeaia  rich  deep 
purple,  no  white  light  reaching  the  eye. 

This  property  is  not  possessed  by  all  the  planes  of  the  crystal,  but 
is  limited  to  the  principal  prism  and  bracby-  and  macrodiagonal  end 
phuiea,  in  other  wwds,  to  the  planes  parallel  with  the  principal  axis 
of  tiie  cryatal.  The  brachydiasonal  doma  and  OP  planes  do  not 
possess  it.  Nor  is  it  exhibited  by  the  first-mentioned  planes  when 
the  crystal  is  turned  with  its  priamatio  axis  at  right  angles  to  the 

plane  of  incidence. 

Ail  specimens  of  picrate  of  manganese  do  not  possess  this  pro- 
perty to  an  equal  extent.  The  crystals  vary  cuueiderably  in  colour, 
and  thoae  which  an  full  red  exhibit  it  more  atrongly  than  the  amber* 
coloured*  Fiorio  add  boiled  with  aqueous  solution  of  cyanhydro* 
ferric  acid  and  saturated  with  carbonate  of  manganese,  gives  crystals 
of  a  rich  deep  colour,  which  exhibit. the  pfurple  polarizeid  beam  par<» 
ticularly  well. 

These  properties  are  not  possessed  by  the  mnng-anese  salt  alone, 
but  also  by  the  picrates  of  potash  and  ammonia  (especially  when 
crystallixed  by  very  slow  spontaneous  evaporation  in  prisms  of  sufli« 
dent  size),  and  the  picrates  of  cadmium  and  peroxide  of  iron — ^with 
tins  difibience«  however,  that  while  the  prismatic  axis  of  the  crystal 
in  the  case  of  the  cadmium  and  manganese  salta  must  be  in  the  plane 
of  incidence,  in  the  alkaline  ?nlts  it  must  be  perpendicular  to  that 
plane.  As  they  all  crystL\llizc  in  the  ni^dit-rhombic  system,  it  is  ]iro- 
bable  that  either  the  alkaline  salta  on  the  one  hand,  or  the  manr^rinese 
and  cadmium  on  the  other,  oit  pri^^maticaily  elongated  in  the  duectiun 

of  a  secondary  axis* 

It  la  convenient  that  distinct  phenomena  should  have  dMoet 
names ;  and  none  appears  to  have  been  assigned  to  this*  Brewster 

speaks  of  it  as  a  "  property  of  light/'  and  Haidinger  uses  the  word 
*'  Schiller  "  for  it.  The  terras  dichroism,  trichroisim,  nnd  plpiochroism 
are  limited  to  projiorlies  uf  transmitted  light.  I  therelore  suggest 
for  the  phenomenon  here  in  question  the  name  catachroism,  using  the 
preposition  Kara  in  the  same  sense  as  in  the  word  irarorrpt^^w,  to 
reflect  (as  a  polished  aurlMe),  appl)  ixig  it  to  expreaathe  property  of 
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I        reflecting  two  beams — one  normally  polarized  in  the  plane  of  in* 
cidence,  and  the  other  polarized  in  a  plane  perpendicular  to  it. 

The  chromatic  properties  exhibited  by  the  picrates  of  ammonia 
and  potMh  are  very  remarkable  ia  their  variety.  Their  cryatala 
posseaa;-— 

•         let.  The  well-known  play  of  red  and  green  It^t.    If  a  littla  Ywrj 

dilute  solution  of  pure  picrate  of  potash  be  spontaneoualj  evaporated 
in  a  hemispherical  porcelnin  basin,  so  as  to  form  a  network  of  ex* 
tremely  slender  needles,  and  these  be  viewed  by  gas-light,  the  play 
of  colours  is  singularly  brilliant. 

2nd.  Dichroism.  When  by  spontaneous  evaporation  of  large  quan- 
tltiea  of  solution  of  potash,  or,  better,  of  ammonia  salt,  transiwrtnt 
prisms  of  -ji^  to  -jl^^  inch  diameter  are  obtained }  these, viewed  mthm 
doubly  refiracting  prism  by  transmitted  light,  give  two  images  ona 
pale  straw-colour,  and  the  other  deep  brownish  red. 

3rd.  The  above-described  property  of  catachroism,  or  reflexion  in 
the  plane  of  incidence  of  oppositely  polarized  beams.—- SiUiman's 
Americau  Journal,  Nuvember  IbGU. 


IXPERTMENTS  0\  THE  POSSIBILITY  OF  A  CAPILLARY  INFILTBA* 
TION  TUEOUGH  POROUS  SUBSTANCES,  NOTWITUSTANDINO  ▲ 
STBONO  QOUNTERPRESSITRE  OF  VAPOUR.  POSSIBLE  APVLIC4* 
TION  TO  GEOLOlilCAl,  PHENOMENA.      JiY  M.  DAUBREE. 

In  the  grand  phenomena  which  are  to  us  the  principal  manife»ta- 
tions  of  the  activity  of  the  interior  of  the  globe,  we  see  every  day 
enormous  quantities  of  water  disengnged  as  steam  from  great  depths* 
It  may  be  asked  if  these  incessant  losass  are  not  ^ai&Uy  at  Isaal 
made  up  by  a  supply  from  this  snifaoe  i  and  if  ao,  m  what  way  wn 
these  infiltrations  effected? 

It  would  be  difficult  to  imftgn'ne  thnt  this  stipply  was  produced  by  ft 
free  circiiktion ;  for  the  way  open  for  a  descent  would  at  the  same 
time  form  an  outlet  also  for  the  escape  of  vapour ;  and  this  objection 
would  apply  more  especially  to  the  volcanic  regions,  where  the  in- 
ternal vapour  baa  soffieient  tension  to  send  colnmns  of  lava  with  n 
density  two  or  three  times  that  of  water,  to  great  hdghts  above  the  ^ 
level  of  the  sea.  I n  trying  to  reconcile  these  apparent  contradictions, 
I  have  been  led  to  inquire  if  wnter  could  not  reach  the  deep  and 
heated  reservoirs,  which  yield  it  in  a  variety  of  ways,  not  by  means 
of  extended  JissureSt  as  ha«  hitherto  been  supposed,  but  also  by  the 
porosity  and  capillarity  of  rocics. 

M.  Jamin's  ingenious  experiments*  have  shown  how  conndenUe 
is  the  iniloence  which  capillarity  exerts  in  changing  the  conditiona 
of  equilibrium,  established  through  the  intervention  of  a  liquid 

column,  between  two  opposite  pressures. 

But  in  previous  experiments  the  temperature  was  the  same  in  all 
parts  of  the  capillary  tube,  it  appeared  important,  more  especially 
in  reference  to  the  geological  problem  which  1  have  indicated,  to  see 
what  would  happen  if  the  temperature  was  much  higher  at  cue  part  of 

♦  Phil.  Mag.  vol.  xix.  p.  204. 
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the  rnpillnry  pfissage,  so  as  to  convert  the  liquid  into  Ta{>our,  and 
thus  chang"  n  into  a  state  in  which  it  would  ])robably  not  be  subject 
to  the  laws  wiiich  at  first  had  caused  its  infiltration. 

I  have  constructed  an  apparatu9,  the  principal  object  of  which  was 
to  connect,  by  a  porous  plate  of  fine  close-grained  a«ndstone,  on  the 
one  end  a  dmed  space  in  which  the  tension  of  ▼apoor  measured  by 
a  manometer  was  atmosphere,  and  on  the  other  a  space  in  direct 
communication  with  the  air,  lialf-fiiled  with  water,  urbich  soon 
reached  the  boiling  pointi  but  inhere  the  pressure  could  not  exceed 
that  of  the  atmosphere. 

Although  the  thickuess  of  the  interposed  plate  was  only  2  centi- 
metres, the  apparatus  showed  that  the  water  is  not  driven  back  bjr 
the  eounteqiressare  of  vapour;  the  difference  of  pressure  on  the  two 
sides  of  the  plate  does  not  prevent  the  liquid  from  passing  from  the 
relatively  cold  region  towards  the  relatively  hot  one,  by  a  sort  of 
ca pillary  procest,  fivoured  by  the  rapid  evaporatioa  and  drying  of  the 
latter.  • 

The  effects  of  this  apparatviB,  which  T  cftnnot  explain  in  detail, 
will  mauiiestly  be  materially  augmented  by  increasing  the  thickness 
of  the  porons  plate,  and  working  with  vapour  at  a  higher  temperature. 

Bat  even  tiiese  results  prove  that  capillarity,  acting  in  conjunction 
with  gravity,  can,  in  spite  of  very  powerful  internal  counterpressures, 
force  water  from  the  superficial  and  cold  regions  of  the  globe  to  the 
doop  and  heated  p^irts,  where,  in  consequence  of  the  temperature  and 
pressure  which  it  acquires,  the  vapour  becomes  susceptible  of  pro- 
ducing great  mechanical  and  chemical  effects*.  Do  not  the  prece- 
ding experiments  thus  touch  the  fundamental  points  of  the  mecha- 
nism of  volcanos,  and  of  the  other  phenomena  generally  attributed 
to  the  development  of  vapours  in  the  interior  of  the  ^obe,  espe- 
cially earthquakes,  the  formation  of  certain  thermal  springs,  the  fill- 
ing metalliferous  veins,  as  well  as  to  various  cases  of  the  metamorphism 
of  roc1<s  ?  "Without  excluding"  the  primitive  water  generally  supjwsed 
to  be  incorporated  in  the  internal  melted  masses,  do  not  the  same 
experiments  show  that  inhltratious  from  the  surface  may  ali>o  be 
operative,  so  that  the  deeper  parts  of  the  globe  would  be  in  a  daily 
state  of  giving  and  taking,  and  that  by  a  most  simple  prooeae, 
although  very  different  from  the  mechanism  of  the  siphon  and  of 
ordinary  springs?  A  slow,  continuous,  and  regular  phenomenon 
would  thus  become  the  cause  of  surldm  and  violent  manifestations, 
like  explosions  and  ruptures  of  equilibrium.  —Comptcs  Mendus,  Janu* 
ary  28,  1861. 

*  It  is  known  that  water  ]>rn<  tiati's  into  the  pores  of  most  rooks.  csi)c- 
cially  those  belunging  to  the  litrutitied  formations,  as  is  shown  by  the  water 
which  they  generally  contain  in  nature.  Biseboff  has  long  called  the  atten- 
tion of  geologists  to  this  fact.  Althoogh  the  granite  on  which  the  sedi- 
mentary rocks  rest  is  usually  very  impermeable,  it  ba?  been  traversed  in 
many  places  by  injections  of  eruptive  rocks.  Among  the  latter  there  are 
some,  like  the  trachytes,  so  porous  that  they  might  well  be  particularly  sus- 
pected of  establishing  a  permanent  capiluuy  communication  between  the 
water  of  the  surface  and  the  heated  masses  whiidi  form  the  base  of  this 
land  of  column. 
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LXXI.  On  the  Reflexion  of  Light  at  ilie  Boundary  of  two  Isotropic 
Transparent  Media.    By  L.  Lorenz*. 

JAMINj  as  is  well  kuown^  discovered  that  FresncPs  formulae 
for  the  intensity  of  the  rays  retlectcd  and  refracted  at  the 
boundary  of  two  isotropic  transparent  media  do  not  perfectly 
agree  with  experiment,  the  difference  being  very  considerable 
when  the  augle  of  incidence  approaches  to  tlie  angle  of  polariza- 
tion. Cauchy  had  already  proved  that,  under  these  circum- 
stances, waves  must  be  produced  with  longitudinal  vibrations ; 
and  having  assumed  that  these  waves  were  absorbed  very  rapidly 
(though  not  instantaneously,  since  in  that  case  he  would  nave 
retarned  to  the  fbrmolas  of  Fresnel),  he  now  introduced  a  cor* 
leetion  into  the  fonnube  which  caiued  them  to  agree  with  ez* 
penm^t* 

All  calculations^  however,  which  have  hitherto  been  made 
concerning  the  reflexion  and  refraction  of  light,  have  proceeded 
on  the  hypothesis  of  an  instantaneous  passage  from  one  medium 
to  the  other,  and  a  consequent  instantaneous  chai^  of  the  • 
index  of  refraction.  Such  a  passage  is^  however,  «  mere  meta- 
physical abstraction,  which  cannot  possibly  exist  in  nature ;  and 
the  calculation  would  be  more  exact  and  more  satisfactory  if  a 
'  gradual  passage  werp  admitted  between  the  two  media  through 
a  space  which  might  afterwards  he  assumed  to  be  as  small  as  we 
please.  It  is,  moreover,  a  fact  that  bodies  arc  really  surrounded 
by  an  atmosphere  which  must  produce  such  a  gradual  change  of 
refraction. 

The  object  of  this  paper  is  to  show  that  .Tamin's  experiments 
can  only  be  reconciled  with  FresneFs  foruiulje  when  the  calcuia- 
tioii  is  made  on  the  above  hypothesis. 

In  what  follows,  the  case  of  total  reflexion  will  not  be  con* 
sidered* 

If  the  incident  light  be  polarised  in  the  pUne  of  inmdenoe, 

♦  Translated  by  F.  Guthrie,  from  PoggendorflTi  JjUMiloi,  Yol.cxi.  p.  4^. 
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the  angle  of  incidence  bein^  called  x,  and  that  of  refraction  x^, 
the  ratio  of  the  amplitudes  of  the  incidentj  rdiacted,  and  rented 
light,  according  to  Fresnel,  is 

^  2  cos  a?  Bin  a?!  sin  {x—Xy) 

7or  the  lig^t  pdamed  perpendicularly  to  the  plane  of  incideiiee, 
the  ntb  of  the  lame  tmree  amplitadea  ia 

J  ^  2  cos  7  tin  X|  tan  (x—x^) 

Assume  now  that  these  formulae  are  correct  when  the  difference 
between  x  and  x-^  ia  infinitely  small,  so  that  Xi^x-^dx,  St^^ 
atituting  this  value  of  Xy  the  above  expressions  become 

-    ^       dx  dx 

X  •  1 T  ""5     H      I         "t     S     i        •      •      •      •  lOJ 

aiDdop      8in2«'  ^  ^ 

im  im 

We  suppose  that  the  incident  ray  approaches  the  boLinding  sur- 
face of  the  media  at  an  angle  a,  and  that  its  direction  is  there 
gradually  changed  b)' having  to  trav  erse  successive  parallel  refrac- 
tive  layers,  until  it  emerges  completely  into  the  other  medium 
at  the  oonatant  angle  ff. 

In  Older  to  Bimpliiy  the  calculation,  we  will  in  the  first  in- 
itance  neglect  the  retardation  of  the  ray. 

Let  A  be  the  amplitude  of  the  incident  ray,  and  let  thii 
become  x  X'^^  ^  the  refracted  ray,  when  the  angle  of 
incidence^  a,  becomes  x  and  x+dx»  Then,  whatever  may  he 
the  polamation,  we  have,  according  to  (8)  and  (4)^ 

  dx  ^ 

X  ~~  mftx* 

from  which,  by  integrating  and  determining  the  constants^ 

we  get 

The  ray  reflected  from  this  layer,  if  it  be  polarised  in  the  plane 

dx 

of  incidence,  has,  according  to  (3),  the  amplitude  9^  > 

and  if  polarized  perpendicularly,  it  has,  according  to  (4),  the 
dx 

amplitude  X     2x'  values  we  indicate  by  x^ 

where,  in  the  first  case, 

log  tan*)  (5) 


tan  X 
tan  fit 
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ii»ilognn2r.    •   .   •  .  ;       ,  (6) 

The  amplitude  of  the  reflected  ray  is  therefore 

and  when  thii  »▼  enoonntera  a  layer  whose  angle  of  feftaction 
is     its  amplitu^  becomes 

At  the  boundary  between  this  Jayer  and  the  fbUowingj  when 
the  angle  of  refraction  is  dSvi,  a  portion  of  the  light  is  again 
reflected ;  and  Uy  being  the  same  funetion  of  Wi  that « is  of  jr^ 
the  amplitude  of  the  twice  r^ected  ray  is 

V  tana  ' 

and  when  this  ray  has  traversed  all  the  layers  until  its  angle  of 
refiraetion  has  become  constant  and  equal  to  fi,  its  amplitude  ii 

V    tttU  u 

The  angle  Xy  may  now  have  all  values  between  «  and  and 
X  all  values  between  a  and  /9.  The  sum,  therefore,  of  the  am- 
plitudes of  all  the  twice  reflected  nys  will  be  represented  by 
the  definite  double  integral 


where  snd  indicate  the  values  of  «  for  «  equal  to  a,  and  « 
equal  to  fi. 

In  .this  manner  the  sum  of  the  amplitudes  of  the  rays  reflected 
4,  6, ...  •  times  can  easily  be  calculated;  and  as  the  sum  of  the 
different  rays  that  have  been  0,  4^  6 . . .  times  reflected  make 
up  the  whole  of  the  refracted  ray,  the  amplitude  of  the  latter  is 

which  we  shall  indicate  by 

311 
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wlieie 

From  the  last  equatioa  we  get  by  differentiation 
and 

whidi  gives 

/[ii)=c«"+Ci«-», 

where  the  comtente  e  and  C|  ere  to  be  determined  by  the  equ** 
tknia 

Whence 


-  * . 


end  the  Telne  of  (7)  or  the  amplitude  of  the  lefiraeted  raj  ii 

^   (8) 

If  now  we  wish  to  find  the  amplitude  of  the  refracted  ray 
polarif  ed  in  the  plane  of  incidence^  which  we  will  call  we 
must  in  the  above  expreasion  aubstitnte 

IIS  —  J  log  tau  a-, 

and  we  ahall  find 

B=2A?!f?!5|  (9) 

Itp  on  the  other  hand^  in  (8)  we  substitute 

wa^  logsin^jT, 

we  find  for  B',  the  amplitude  of  the  portion  of  the  refracted  ray 
polariied  perpendicularly  to  the  plane  of  incidence^ 

B'=aA.  .  .  (10) 

sm  (a+P)  COS  («— p}  *  ' 

We  return,  therefore,  exactly  toFresnel's  formulae,  which  is  a 
remarkable  property  of  those  expressions.  The  calculation  only 
assumes  the  relations  indicated  by  (3)  and  {i} ;  and  these  exprea- 
abns  might  have  been  deduced  from  many  other  formube  than 
Freanel'a* 

The  amplitude  of  the  xefiected  ray,  which  is  the  sua  of  the 
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amplitudes  of  the  rays  reflected  1^  3^  5  . .  •  times^  may  be  Mmi" 
larly  foundj  and  may  be  expressed  as  foIlowB: 

for  which  we  will  put 

.  aJ"'  duifu) 


and 


Fiom  the  last  eqoation  we  get 

whence  (11)  or  the  amplitude  of  the  reflected  ray  la 

And  substituting  u=  —  ^  logtanx,  we  get  for  the  amplitude  of 
the  portion  polarized  in  the  pkne  of  incidence^  which  we  will 
caUB, 

n^x^^^  (la) 

If  E'  is  the  amplitude  of  the  ray  polarized  perpendicularly  to 
the  plane  of  incidence^and  if  in  (12)  we  aubatitate  u=  ^  log  nii2s, 
we  get 

^'*'"^tanXa+^  (^^^ 

In  tbia  caae  alao,  therefore,  we  return  to  F^snd'a  formnlaB. 
The  reanlt  ia,  that  even  if  there  be  a  gradual  change  of  the 

index  of  refraction  between  the  two  media,  and  consequently  an 
infinite  number  of  reflexiona  at  the  boundary^  Freanel'a  fbrmuln 
nevertheless  remain  true  so  long  aa  the  thickness  of  the  inter- 
mediate layers  is  infinitely  small  as  compared  with  the  length  of 
a  wave.  If  this  be  not  the  case,  then  tlic  retardations  of  the  dif- 
ferent rt^ys  must  be  taken  into  considcrntion, 

For  the  relVactrd  light  tins  correction  is  very  puiall,  unci  could 
hardly  be  continned  by  experiment.  We  shall  therefore  proceed 
to  calculate  it  in  the  case  of  the  reilected  hght. 
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A  wave  whicli  is  reflected  by  the  layer  whose  angle  of  refrac- 
tion is  r,  or  , , .  ,  nrid  nfterwards  interferes  with  the  wave 
reflected  by  the  first  layer,  will  be  retarded  relatively  to  the  latter  ; 
and  we  may  indicate  the  auccesBivc  retardations  of  phase  by  the 
.  letters  . . . .  These  quantities  are  functions  of  x,  x^, 
x^. . .;  but  may  also  be  regarded  as  functions  of  m,  u^,  u^,  .  .  . 

We  may  therefore  represent  the  amplitude  of  the  ray  reiiected 
once  at  the  layer  whose  angle  of  refraction  is  x,  by 

A  cos  [kt  —  h)ckif 

where  /  is  the  time,  and  k  n  constant. 

For  reasons  analogous  to  those  stated  above,  it  is  easy  to  see 
that  the  amplitude  of  all  the  reflected  rays  may  be  expressed  by 

j''*^dWcos(i<— ^-J  ^ift/J      J  '<iM,cot(*/-5+a,-a^4-..  -J.  (16) 
Thtt  •eriiw  ii  the  ml  put  of 

when 

/(u)  =  l— I  duA  du^e'^ii-i^'^-iJ{Uf^. 
From  this  last  equation  we  may  deduce  the  difierential  e(|uatiou 

from  which  wc  obtain  another  etpmiion  for  eeriee  (16),eiiioeit 
is  the  real  part  of 

or  nDoe  fbr  u^u„  we  hafe/'(ii^8B0  and  BssO,  the  real  part  of 

-Ae*'*^/(i/.)  (160 

If  m  the  above  diflerential  equation  wc  substitute 

X  will  be  determined  as  a  function  of  u  by  the  following  equa- 
tion ; 

XatQ  £w         and  ^  u=iif. 
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eonfiae  oimelm  aoir  to  the  eaie  in  wliieh  tlie  vilnes  of 

ifX  dB 

^  and  2^  are  very  small.  The  differential  equation  for  X  thfn 
gives  by  integration,  ainee  the  laat  memher  vaniihea. 

If  in  thia  exmnioB  we  aubititate  the  value  of    it  ia  obviou 

tbat  fur  all  augles  of  incidence  ^  is  small  so  long  as  ^  is  so, 

which  ia  the  only  hypothesis. 

If  now  we  substitute  for  /(u)  its  yaloee  aa  Ibiiad  in  (l^f),  than 
atriia  (16)  beeomai  the  real  part  of 

and  ita  aom  ia  therefore 


-A 


'«t 


coaA^*f  ainifc/ I    -x?  ; — o? — r'x-'ft' I- 


And  anbstitnting  again  in  thia  expression  ftv  «  ita  valoe 
—  ^logtan^,  we  get  for  R  the  amplitude  of  the  refleeted  ray 
polariaed  in  iht  plane  of  incidence. 


R«  A  ^^"^     i!        +  "in  A*  tan  A] 

8111  (a + 


It,  on  the  other  hand,  fbrw  we  anbatitnte  |log  aindr,  we  get 
tar  the  amplitnde  of  the  reflected  ray  polariied  perpendiedarly 
to  the  plane  of  incidence. 

From  these  equations  it  may  be  seen  that  tau  A,  for  all  angles 

of  incidence^  ia  email  provided  ~  ia  so  alao;  whik,  on  the  oon« 

trary,  tan  A'  may  be  infinite,  as  when  sin  2a = sin  2)9;  that  is, 
when  the  anj^  A  inetdenoe  ia  eqnal  to  the  angle  of  poUrisation, 
in  which  cace  m  and  jS  axe  complementary. 


(17) 
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If  A',  for  a  given  angle  of  incidence^  is  a  small  positive  qnan^ 

lity,  it  giadaa]ly  approaebet     as  the  angle  of  incidence  ^ 

praxiraatcs  to  the  nui:\e  of  polarization,  and  afterwardis  approaches 
ir.    If,  on  the  contrary^  A'  is  a  small  negative  quantity,  oa 

diaaging  tlie  angle  of  incidence  A'appmches  —  ^  and  — ir. 

The  retardation  of  the  phase  of  the  reflected  ray  R',  compared 
With  the  other  polarized  in  the  plane  of  incidence  R,  may  be  ex- 
pressed by  A'— A  if  the  coefficients  of  cos  A/  have  the  same  sign 
lor  both  rays,  that  ia  to  aay^  when  the  angle  of  incidence  ia 
arteier  than  the  angk  of  polariiation.  If,  nowefer.  A'  and  A 
be  always  taken  in  the  first  positive  or  negative  qnadrant,  we  can 
introdnce  any  multiple  we  pleaae  of  2fr,  and  thcmore  expreaa  the 
xetardation  by  A'— A  +  2/>7r,  where  ;?  is  a  whole  number. 

If  now  A  is  positive  for  this  angle  of  incidence,  it  will  increase 
as  the  angle  of  incidence  diminiahea;  and  when  the  angle  of  in- 
cidence becomes  less  than  the  angle  of  polarization,  and  A'  ie 
taken  in  the  first  quadrant,  the  retardation  of  phase  will  be  ez- 
presaed  by 

A'-A+(2/>+l)w, 

If,  on  ihe  other  hand.  A'  ia  nefoihe  for  an  angje  of  inctdenee 
greater  than  the  angle  of  polaimtion,  the  letaraaftion  of  phaae 
will  become  A'— A  + l)7r,  if  the  angle  of  incidence  ia  made 
less  than  that  of  polarization.  Theae  reanlta  agree  with  thoae  of 
Jsmin.    In  the  nrst  caae  Jamin  pnta  whereby  the  re- 

tardation of  phaae  becomea 

A- A-27r  for        >  ^, 

A'— A  — TT  for  a+^<:5; 

and  bodies  m  which  this  is  the  case  he  calis  "  bodies  negative 
reflexion." 

In  the  second  case  (A'  negative  for  u-y-jR^ic^)  heptttai^ssl ; 

and  the  retardation  of  phase  of  these  bodies,  which  he  calls 
"bodies  isipodtwe  reflexion,^'  then  becomea 

A'-A+2wfore+i9>^« 

A'-A+ w  for  «+;8<:~' 

Jamin  fonnd,  moreover,  that  most  bodies  wboae  index  of  re- 
fraction is  less  than  a  given  amount  (about  1*46)  give  negative 
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refleiions,  while  those  whose  index  of  refraction  is  greater  than 
that  amount  give  positive  reflexiont*  Between  these  are  bodiea 
which  at  the  angle  of  polarisation  produee  a  sudden  change  of 
phase  from  0  to  w.   These  remarhable  rdationa  between  the 

difference  of  phase  and  index  of  refraction  could  not  have  been 
anticipated  from  Cauchy's  theory,  while  on  the  other  hand  they 
can  be  immediately  deduced  from  the  theory  above  enunciated. 
Let  p  be  the  distance  of  the  first  intermediate  layer  from  that 

in  which  the  anprle  of  refraction  is  .y,  and  dp  the  distance  of  the 
latter  from  the  next  whose  arig;lc  of  refraction  is  x-\-da:.  It  will 
easily  be  seen  that  if  a  wave  be  rejected  at  thp??e  two  consecutive 
layers,  the  difference  of  path  of  the  two  reflected  waves  will 
be  equal  to  2dp  cos  x. 

If  then  /  be  the  wave-length  in  the  first  medium^  and  there* 

foie  /       the  wave*length  in  the  layer  under  conaideralion,  we 

COS  X 

have  fur  the  difference  of  phase  con*esponding  to  this  difference 

of  path, 

Instead  of  x  we  might  introduce,  as  a  new  variable,  the  Moare 
oftheindexof  refinction.  If  thu  Tariable  be  eaUed  «^  we  nave 

sin** 

The  limits  of  the  variables  p  and  v  are,  for  x^a^  0  and  1 ;  and 
for  ar=0  they  may  be  denoted  by  p,  and  v,,  where  p^  is  the 
thickness  of  all  the  intermediate  layers^  and  the  square  of  the 
observed  ladex  of  refraction. 

dh 

If  now  the  new  values  of  ^  and  9  be  aubatituted  in  (16)  and 

(17),  and  these  expressions  be  integrated  by  parts,  we  have 

tanA=-^«j-^l  pdv,  (18) 

^^'^T  'i.,eos*«Lcoa*ffJ,  4lvr""^J*-  ^^^^ 

Prom  which  it  is  obvious  that  tan  A  is  always  ponthrej 
whereas  tan  A'  may  either  be  positive  or  negative. 

In  one  particular  ea^e  A'  passes  suddenly  from  Oto  ^watthe 
angle  of  polariuition ;  this  is  when  for  this  angle 
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As  this  integral  includes  positive  as  well  as  negative  element!, 
it  is  evident  that  this  equation  is  possible  for  some  values  of  t?|. 
And  if  it  be  now  supposed  that  for  different  bodies  p  is  generally 
only  approximately  the  same  function  of  r,  when  iacreades  by 
the  positive  iocremcal  dv^,  Ihia  miegral  increases  by 

fflmk  i»  lea«  than 


This  inmm  it  tberefom  jumHoei  tncl  i%  foUowi  tint  the 

definite  integral  in  (19),  when  exceeds  a  certain  amount, 
is  podtivey  and  conaeqnently  A' negaim  for  «i  ooa*     ooe*  ^  <:  0 

or  for  a  4-  /8    ^,  if  the  light,  aa  m  J  amines  experiments,  passes 

fironi  a  less  refracting  to  a  more  refracting  body  («  >  But 
we  have,  however,  seen  above  that  this  case  answers  to  that  of 

bodies  with  a  positive  reflexion. 

Calculation  therefore,  like  expcriinciit,  ])rovps  that  positive 
reflexion  occurs  in  the  rase  of  bodies  with  n  greater  index  of 
refraction,  negative  retiexion  in  the  case  of  bodies  with  a  smaller 
index,  while  the  difference  of  phase  in  the  case  of  bodies  which 
lie  between  these  passes  suddenly  from  0  to  +7r. 

The  intensity  of  the  reflected  light  polarized  perpendicularly 
to  the  plane  of  incidence  is,  according  to  (17), 

^e  intensity  of  the,  reflepted  light  polerited  in  that  plane  ia^ 
aeoording  to  (16), 

If  the  vatio  of  these  two  intensities  be  e^res^ed  by  k\  we  get 

eo6(«— ^)cosA 

These  results  agree  with  those  of  Cauchy. 

As  Jamin  has  in  his  experiments  determined  these  magnitudea 
directly,  it  is  possible  mm  his  eiperiaicnt^y  that    finn  the 
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Siiiunpil  angle  of  incidence,  and  the  index  of  refraction,  to  de« 
nee  the  vuiie  of  A,  and  conteqneatly  by  (18)  tha  ?aliie  0i 

I  p  do.    If  now  it  be  sujipoicd  that  p  cau  be  approximately  de- 

tenninedbypi^— the  thickneaa  of  the  intermediate  layera 

can  be  deduced  from  the  experiments. 

In  tins  way  we  iiave  a  new  means  of  testing  the  theory,  since 
thia  requires  that  the  thickness  in  question  should  be  small  and 
positive.  The  ealenktibn  horn  Jamin'a  enmmenta  ahowa  thai 
thia  ia  actual!}  the  eaae,  though^  aa  might  be  ei|>eoted>  no  great 
degree  of  enctneaa  can  be  thoa  attained  in  the  daterminatioB 
of  these  qoantitiea.  I  havfs  fimnd  that  the  thickness  of  the  layers 
in  the  case  of  the  bodies  eiqimmented  on  liea  baleen  -/^  and 
of  the  length  of  e  wave. 

It  appears,  therefore,  that  the  leaolt  of  ffamin'a  ^xpevimeilti 
can  be  completely  explained  on  the  simple  supposition  of  an  ex^ 
cecdingly  thin  stratum  of  intermediate  layers  in  which  there  is 
ft  gradual  cliangc  of  refractive  power,  a  supposition  vhifih  ff$ 
have  obviously  more  right  to  ip^d^  tUap  (o  omit* 

CapsahsgsB,  Jena  28, 1880. 


LXXIL  On  a  Surface  of  the  Fwrth  Order, 
By  A.  Cayuiy,  M^q,"^ 

LET  A,  B,  C  be  fixed  points;  it  ia  required  to  iaveatigate 
I  the  patnn  of  the  aorfaee^  the  locua  or  %  point  P  audi  tiiat 

XAPH-/iBP-|-KCP=0, 

where  \,  fi,  v  are  given  coefficients ;  the  equation  depends,  it  is 
clear,  on  the  ratios  only  of  these  quantities. 

The  surface  ia  easily  seen  to  be  of  the  fourth  order;  it  is  ob- 
viously symmetrical  in  regard  to  the  plane  ABC ;  and  the  section  ^ 
by  this  plane^  or  say  the  principal  aecdoni  ia  a  eorve  of  the  fourth 
oidar^  tie  loeoa  of  a  point  M  sneh  that 

The  curve  is  considered  incidentally  by  Mr.  Salmon,  p.  125 
of  his  '  Higher  Plane  Curves \*  and  he  has  remarked  that  the  two 
circular  points  at  infinity  arc  double  points  on  the  curve,  which 
is  thcrctbre  of  the  eighth  class.  Moreover,  that  there  are  two 
doubie  foci,  since  at  each  of  these  cu'cular  pomts  there  are  two 
tangents^  each  tangent  of  the  one  pair  intersecting  a  tangent  of 
the  other  pair  in  a  doable  focus ;  hence,  fnrtiier,  that  thete  ace 

*  CoBuaqaioalxBd  bgr  the  Avtlior* 
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four  other  foci,  the  points  A,  B,  C,  and  a  fourth  point  D  lying 
in  a  circle  with  A,  B,  G,  and  which  arc  such  that|  aelectiog  any 
three  at  plmnre  of  the  points  A,  B,  C,  D,  the  equation  H  the 
curve  is  in  res|)ect  to  such  three  points  of  the  same  fonn  as  it  is 

in  regard  to  the  points  A,  B,  C. 

'  Consider  a  given  point  on  the  principal  aectioxi^  then  the 
equations 

BP     CP     CP_AP    AP  B? 

BM"CM'  CM"AM'  am'^bm 

belong  respectively  to  three  spheres :  each  of  the  spheres  passes 
through  tne  point  M.  The  fiist  of  the  spheres  is  such  that, 
with  respect  to  it,  B  and  G  are  the  images  eaeh  of  the  other ; 
that  is^  the  centre  of  the  sphere  lies  on  the  line  BC,  and  the  pro- 
duct its  distances  from  B  and  C  is  eqnsl  to  the  square  of  the 
radius;  in  like  manner  the  second  sphere  is  such  that^  with 
regard  to  it,  C  and  A  are  the  imagea  each  of  the  other ;  and  the 
third  sphere  is  such  that,  with  regard  to  it,  A  and  B  are  the 
images  each  of  the  other.  The  three  spheres  intersect  in  a 
circle  throuc^h  "M  nt  riaht  anirles  to  the  principal  plane  (that  is, 
the  three  spheres  liave  a  common  circular  section),  andtheeqoa* 
tions  of  this  circle  may  be  taken  to  be 

AP  _  BP_  CP 
AM"'BH""CM' 

It  is  clear  that  the  circle  of  intersection  lies  wholly  on  the  surface. 

The  spheres  meet  the  principal  jilane  in  three  circles,  which 
are  the  diametral  circles  of  the  spheres  ;  these  circles  are  related 
to  each  other  and  to  the  points  A,  C,  in  like  manner  as  the 
spheres  are  to  each  other  and  to  the  same  points.  The  circles 
have  thus  a  common  chord;  that  is,  they  meet  in  the  point  M 
and  in  another  point  M'.  And  MM'  is  the  diameter  of  the  circle, 
the  intersection  of  the  three  spheres. 

It  may  he  ahown  that  M,  M'  are  the  images  each' of  the  other 
in  respect  to  the  circle  through  A,  B,  G.  In  fact,  consider  in 
the  first  place  the  two  points  A,  B,  and  a  circle  such  that,  with 
respect  to  it.  A,  B  are  the  images  each  of  the  other ;  take  M  a 
point  on  this  circle,  and  let  O  be  any  point  on  the  line  at  right 
anp^les  to  AB  through  itR  midrlle  point,  and  join  OM  cutting  the 
circle  in  M' ;  then  it  is  easy  to  see  that  M,  M'  are  the  images 
each  of  the  other,  in  regard  to  the  circle,  centre  O  and  radius 
OA  (  =  0B).  Hence  starting  with  the  points  A,  B,  C  and  the 
point  M,  let  0  be  the  centre  of  the  circle  through  A,  B,  C,  and 
take  M'  the  image  of  M  in  respect  to  this  circle ;  then  considering 
the  circle  which  passes  through  M,  and  in  respect  to  which  B,  C 
are  images  each  of  the  other,  this  circle  passes  through  M';  and 
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>  M  the  ebde  tbrongh  in  fetpeet  to  which  A  tre  ima^ 
each  of  the  ot^er,  and  the  ciiele  through  M,  in  respect  to  which 
A,  B  are  images  each  of  the  other^  pass  each  of  them  through  M' ; 
that  is,  the  three  circles  intersect  in  M'* 

It  is  to  be  noticed  that  M',  being  on  the  surface,  must  be  on 
the  principal  aection ;  that  is,  the  principal  section  is  snch  that, 
taking  upon  it  any  point  M,  and  taking  the  imase  of  M  in 
regard  to  the  circle  through  A,  B,  then  M'  is  aLso  on  the 
principal  section.  It  is  vcr>'  easily  shown  that  the  curve  of  the 
fourth  order  possesse-s  this  property  ;  for  M,  being  images 
each  of  the  other  m  respect  to  the  circle  through  A^  then 
A|  B,  C  are  points  of  this  circle,  or  we  have 

MA     MB  _  MC 
5SPA  "  iPB  M?(J' 
that  is,  the  equation 

XAM4-f*BM+yCM=0 

beiDg  satisfied)  the  equation 

XAM'+/aBM'  +  iOM'=«:0 

is  also  batisfied. 

The  points  M,  M'  of  the  Ottr?e,  which  are  images  each  of  the 
other  in  respect  to  the  drde  through  A,  B,  C,  may  be  called 
conjugate  points  of  the  eunre.  The  above-mentioned  circle,  the 
intersection  of  the  thiee  spheres,  is  the  circle  having  MM'  for 
its  diameter ;  hence  the  required  surface  is  the  locus  of  a  drde  at 
right  angles  to  the  principal  plane,  and  having  for  its  diameter 
^IM',  where  M  and  M'  are  conjugate  points  of  the  curve. 

In  the  particular  case  where  the  equation  of  the  surface  is 

BC.AP  +  CA.BP  +  AB.CP=0, 

the  prindpal  section  is  the  circle  through  A,  fi,  C,  twice  repeated. 
Any  point  on  the  circle  is  its  own  conjugate,  and  the  radius  of 
the  generating  drcle  of  the  surface  is  zero ;  that  is,  the  sur&ce 
is  the  annulus,  the  envelope  of  a  sphere  radius  0,  having  its 
centre  on  the  circle  through  A,  C.  Or  attending  to  real 
points  only,  the  surface  reduces  itself  to  tlie  circle  through 
A,  B,  C.  But  tliis  last  statement  of  tlie  solution  is  an  incom- 
plete one.  The  equation  of  an  anuulu^s,  the  envelope  of  a  sphere 
radius  c,  having  its  centre  on  a  circle  radius  unity,  is 

and  hence  putting  cssO,  the  equation  of  the  surface  is, 

V'iM-p=l±W 
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(ifi  tt  UMilyiB  4/— 1)|  or,  what  u  the  Mme  thing,  it  It 

j{«+Sf^+(2rit)«=0; 

tbat  is,  the  surface  is  made  up  of  the  two  spheres^  passing  through 
the  points  A,  B,  C,  and  having  each  of  them  the  radius  eero ; 
or  say  the  two  cone-spheres  through  the  points  A,  B,  C.  ill 
other  word^  the  equation 

BC .  AP + CA .  BP+ AB .  CFbO 

ii  th«  eonditiim  in  ordor  that  the  four  pobtt  A,  B,  C,  P  may  laa 
on  n  tphm  ladhit  ano,  or  cone^aphara.  Uting  1,  2,  3,  4  in 
the  place  of  A,  B,  C,  P  to  denote  the  four  pointa,  the  last- men- 
tioned  equation  beoomea 

and  conaideEing  13,  fce.  aa  quadratic  radicala,  the  rational  fomt 
of  thia  aqiuation  ia 


□  s 


0  , 

31', 
4l\ 


4i\ 


13  , 
0  , 


14" 

3? 
0 


=  0. 


»9 


In  my  paper  "On  a  Theorem  in  the  Geometry  of  Position, 
Camb.  Math.  Joiirn.  vol.  ii.  |)p.  267-271  (1841),  I  ohtaiiied 
tins  equation,  thu  four  poiuth  beinp:  there  considered  as  lying  in 
a  plane,  as  the  relation  between  the  diiilanceb  uf  lour  pomtd  m  a 
circle,  in  addition  to  the  relation 

2T",    0  , 
8S*> 


1, 
1, 


18% 

23\ 


24" 


4l', 


42\ 


43*, 


84 

0 


whii^  eziita  between  the  distances  of  any  four  points  in  a  plane. 
The  present  investigation  ahows  the  signification  of  the  equatioii 

□  =  0  between  the  distances  of  four  points  in  space ;  vif.  it 

expresses  that  the  four  points  lie  in  a  sphrrr  radius  zero^  or 
cone-sphere.  But  the  formula  in  qu(^stinn  is  in  reality  included 
in  that  given  in  the  paper  for  the  dustances  of  five  points  in 
space.  For  calling  the  points  0,  1,2,  3,  4,  the  relation  between 
the  diatanoea  of  these  five  points  is 
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0, 

1  » 

■t 

1  » 

1  f 

1  J 

1 

if 

0  p 

1» 

10 , 

To* 

1*5  , 

14 

If 

0  , 

m" 

1, 

sr. 

32*, 

0  , 

1, 

41", 

48^, 

0 

Hence  if  1^  2,  %  4  are  the  centres  o£  spheres  radii  «.  2^ 
aiid  if  0  is  the  centre  of  a  tangent  sphere  radios  r,  we  Wo 

Oi=r±«,    02=r±^,    03=r±y,  04=r±a; 

80  that,  for  any  j::Lven  combination  of  signs,  it  would  at  first 
sight  appear  that  r  is  determined  by  a  qoiiurtic  equation;  but  by 
means  of  a  simple  transformation  (indicated  to  me  by  Prof.  Syl- 
vester) it  Tuay  be  shown  that  the  equation  for  r  is  really  a  qua- 
dratic one ;  moreover,  the  equation  remains  unaltered  if  the  signs 
of  a,  A  7*  ^  ^1  ^  i  are  all  reversed;  and  has  thus  in  the 
whole  sixteen  values.  In  particular,  if  a,  y,  B  are  each  equal 
0,  then  is  determined  Ij  a  simple  equation  (r  the  radios  of 
the  sphere  through  the  ^or  points) ;  and  if,  moreover,  rsO, 
then  we  have  for  the  rektion  between  the  distaneei  of  the  ftmf 
points,  the  foregoing  equation  QsO. 

2  Stone  Building*.  W.G., 
March  25, 1861. 


LXXIH.  Ckmme^  NoHem  fivm  Rreign  Jtunu^ 
By  E.  Atkinson,  PhJ>.,  F.C.fif« 

[Continued  firom  p.  365.] 

MM.  LOIR  and  Dnon describe  the  following  method  of  ob* 
taining  solid  carbonic  acid,  merely  requirinp^  for  its  preps- 
ration  appaiatas  within  the  ordinai-y  reach  oi  the  kboratory.  It 
depends  on  the  great  cold  produced  by  the  evaporation  of  liquid 
sulpburous  aeid«  Liqoid  ammonia  is  placed  m  a  glass  vessel^ 
ana  connected  with  the  receiver  of  an  air-pomp  by  a  vessel  eon* 
tatning  pamiee  impregnated  with  solphoric  add.  On  exhausting^ 
the  temperatore  of  the  liquid  ammonia  rapidly  sinks^  and  it  com- 
mences to  solidify  at  —81^  C. ;  when  thepressore  is  reduced  to 
1  millim.,  the  temperature  of  the  liquid  ammonia  is  —  89°*5, 
This  is  sufficient  for  the  liquefaction  of  carbonic  acid  under  the 
ordinary  atmospheric  pressure ;  for  when  a  eorrent  of  dry  carbonie 

*  Connies  Hmdu*,  April  15, 1861. 
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acid  is  passed  throui^h  a  U*tabe  dipping  ia  the  ammonia,  a  small 
portion  of  it  liquetics. 

By  lucreasinp:  the  ]ircasure  to  some  extent,  considerable  quan- 
tities of  carbonic  acid  rnav  be  readily  bolidiried.  About  150 
cubic  centims.  of  lif  juid  ainnionia  arc  introduced  into  an  inverted 
bell-jar  provided  with  a  collar,  on  wkicli  a  plate  perforated  with 
two  apertures  is  hermetically  fitted.  In  the  central  aperture  there 
is  a  tabe  dosed  at  one  end  and  lesdiing  to  the  bottom  of  the 
jar ;  the  other  aperture  serves  to  connect  the  apparatns  with  the 
air-pump.  The  carbonic  acid  is  prodnoed  by  neatinff  dried  bi- 
carbonate of  soda  to  reduess  in  a  copper  flask.  This  naak  is  con* 
nected  with  the  tube  dipping  in  the  liquid  ammonia,  and  also 
with  a  small  air-manometer.  All  the  air  having  been  eipclied 
from  the  apparatns,  and  the  temperature  of  the  liquid  ammonia 
reduced  to  near  solidification,  the  flask  is  heated  until  the  raano- 
meter  indicates  a  pressure  of  3  to  4  atmospheres.  Crystals  of 
carbonic  acid  soon  begin  to  form  on  the  mside  of  the  tube, 
and  in  half  an  hour  about  25  grammes  of  solid  carbonic  acid 
are  obtained,  forming  a  thick  layer  on  the  inside  of  the  tube 
which  dips  in  the  liquid  ammonia. 

This  solid  carbonic  acid  is  a  colourless  mass,  as  transparent  as 
glass ;  it  may  be  detached  from  the  tube  by  touching  it  with  a 
glass  rod,  and  is  seen  to  consist  of  small  cubical  crystals.  Ex- 
posed to  the  air^  these  crystals  slowly  evaporate  without  leaving 
any  residue ;  they  may  lie  placed  on  the  hand  without  producing 
any  sensation  either  of  heat  or  of  cold :  they  can  be  scarcely 
seized  between  the  fingers.  .  Mixed  with  ether  and  exposed  to 
the  air^  they  form  a  freesing  miztuiCi  the  temperature  of  which 
is  -81*  C. 

The  temperatures  were  observed  by  MM.  Loir  and  Drion,  by 

means  of  an  alcohol  thermometer  on  which  two  fixed  points 
had  been  marked  ;  that  is,  0°  the  trrnpcrature  of  meltiiip:  ice, 
and  — 40°  the  temperature  of  melting  mercury.  The  hquid 
ammonia  was  prepared  by  Bussy's  method*^  of  passing  gaseous 
ammonia  into  a  flask  surrounded  by  liquid  sidpliurous  acid,  the 
evaporation  of  which  was  promoted  by  the  au  -pump.  In  this 
way  G  tu  7  lluid  ounces  may  be  obtained  without  difficulty  ia 
the  course  of  two  hours. 

The  following  experiments  by  Devillef  throw  considerahle 
liglit  on  the  formation  of  some  native  minerals. 

When  fluoride  of  silicon  was  psssed  over  calcined  alumina 
'  heated  to  whiteness  in  a  porcelaiu  tube,  fluoride  of  aluminium 
WIS  disengaged,  and  staurotide  formed  analogous  in  all  its  pro* 

•  Phit  Msg.  vol  XX.  p.  m 
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peirtiet  to  ike  iutar«l  mtiie»l.  ThU  expertment  Wis  Mpdlid  in 
a  modified  manner. 

In  a  porcelain  tube  placed  vertically,  a  lenet  of  alternate  layeril 
of  alamina  and  quarts  were  arranged,  the  alumina  being  at  die 
bottom,  and  the  quartz  at  the  top;  fluoride  of  silicon  was  thei^ 
parsed  through  the  tube  at  a  white  heat  In  this  way  the  fluo- 
ride  of  silicon  meeting  alumina  was  decomposed,  and  staurotide 
formed ;  but  the  ^ponde  of  aluminium  which  was  formed  at  the 
same  time  was  decomposed  on  coming  in  contact  with  the  layer 
of  quartz,  with  the  formation  also  of  staurotide  and  regeneration 
of  duoridc  of  silicon.  Tlie  same  process  followed  with  all  the 
successive  layers ;  so  tiiat  the  quartz  imi\  nlnmina  were  hotii  cou- 
verted  into  staurotide,  and,  as  the  last  layer  was  quartz,  as  much 
fluoride  of  silicon  k  it  the  apparatus  as  entered  it.  None  of  the 
fluorine  was  tixed,  and  it  served  no  other  purpose  than  to  caUSC 
the  combination  of  two  of  the  most  stable  bodies  in  nature. 

From  the  formula  of  topaz,  which  is  a  silicate  of  alumma  and 
fluoride  of  silicon,  it  was  probable  tliat  it  might  be  formed  in  a 
similar  way.  But  direct  experiments  showed  that  this  is  not  the 
case ;  and  Deviiie  is  inclined  to  think  that  it  is  formed  in  the 
moist  way. 

In  the  expectation  of  obtaining  phcnaLite,  Deville  heated  glucina 
in  fluoride  of  silicon.  He  obtained  a  mineral  which  crystallizea 
wel)^  and  conaiats  of  ailica  and  glucina^  but  could  not  be  iden^ 
tified  with  any  known  mineral  apeeiea. 

When  fluoride  of  lilieon  was  paiaed  o? er  lirooniaj  beaotifal 
octahedral  crystals  were  obtained  which  had  all  the  chanietera  of 
the  native  aircon.  An  experiment  of  DeviUe's  seems  to  show 
that  a  very  small  quantity  of  fluorine  can  produce  an  indefinite 
quantity  of  this  mineral. 

Alternate  layers  of  sirconia  and  quart!  were  placed  in  a  por* 
edain  tube»  commencing  with  the  former  and  ending  with  the 
latter,  and  a  current  of  fluoride  of  silicon  was  passed  through  the 
tube  at  a  white  heat.  The  liroonia  in  contact  with  fluoride  of 
"silicon  was  changed  into  aircon  and  volatile  fluoride  of  zircon; 
the  latter  meeting  quartz,  gave  zircon  also  and  fluoride  of  silicon ; 
and  so  on  with  the  whole  of  the  layers.  The  contents  of  the 
tube  were  entirely  Tiuneralized,  and  the  quantity  of  riuoridc  of 
siUcou  which  left  the  tube  was  equal  to  that  which  entered  it. 
No  fluorine  had  been  tixed. 

In  a  subsequent  communication  Devillt-  will  describe  a  method 
for  obtaining  metallic  aulphurets  by  the  dry  way. 

Scfaiitsenberger'k  has  described  a  new  class  of  salts,  in  which 
the  electro-negative  elements  chlorine,  bromine,  iodine^  &e. 
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are  substituted'  for  the  bane  bydrogeDi  tbe  metals,  Iw.  Ha 

has  effected  this  by  acting  on  salts  with  audi  conpooiida 
chloride  of  iodine  and  iodide  of  cyanogen.    The  formation  of 
fteetate  of  iodine  will  illustrate  this  daaa  of  aotiona^  whieh  ia  ant* 
Oeptible  of  great  extension. 

C*H»NaO*H-  TCl  =  NaCl+C<H«IO«. 

Acetate  of     Chloride  Acf»tfitc  of 

soda.       ol  iodine.  io^iue. 

These  bodies,  as  may  be  expected^  are  endowed  with  special 
properties^  and  especially  are  very  unstable. 

Anhydrous  hypochloroua  aad  acetic  acids  mixed  in  equivalents 
form  a  red  mixture,  whicli  soon  becomes  decolorized.  A  slight 
exces?^  of  hvpochlorou'^  acid  imparts  to  it  a  red  tint,  which  is 
removed  by  heating  the  mixture  to  a  temperature  not  exceeding 
30^  This  body  the  acetate  of  chlorine,  IF  CIO*;  its  com- 
position is  that  of  chioracetic  acid,  but  it  differs  greatly  in  pro- 
perties. It  dissolves  immediately  in  water,  producing  hypo- 
chlorous  and  acetic  acids,  and  explodes  at  100^,  with  formation 
of  chlorine,  o\yp:cn,  and  anhydruub  acetic  acid.  Singularly 
enough  it  is  attacked  by  mercury  even  in  the  cold,  with  libera- 
tion of  chlorine^  and  formation  of  acetate  of  mercury  and  a  little 
<^oiDeI-«- 

C*  H»Cl6*+ Hg=Cl  +  C«  H«  Hg  0*,— 

Acetate  of  Acetate  of 

chlonna.  mcfcaiy* 

a  curious  instance  of  the  replacement  of  chlorine  by  a  metal. 

It  dissolves  iodine  instantaneously  without  becomiug  coloured, 
and  disengages  chlorine;  acetate  of  iodine  is  formed,  a  white 
cryatalline  solid  isomeric  with  iodaoetic  acid. 

C*  H»  CIO*  +  1=  C«  H»1 0*+CK 

Acetate  <^  Acetate  cf 

dilonna.  iodine. 

Another  mode  of  forming  thia  body  has  been  given  above.  It 
ia  deoompoaed  at  100^  into  iodine,  oxygen,  and  acetate  of 
methyle. 

a  (C«  H«  I0«) «  P + C«  O* + H»  ((?  H«)  0«. 

Acetate  of  Acetate  of 

iodine.  methyls.  * 

It  is  deeomposed  by  water  into  iodic  acid,  iodine,  and  acetic  acid. 

Butyrateof  iodine  ia  formed  by  the  action  of  chloride  of  iodine 
on  butyrate  of  aoda.  Acetate  of  bromine  ia  obtained  by  the 
action  of  bromine  on  acetate  of  chlorine. 

Sulphur  dissolves  in  acetate  of  chlorine  with  disengagement 
of  chlorine ;  but  the  acetate  of  sulphur  which  forms  is  very  un-' 
atable,  for  it  aoon  decomposes  into  anhydroua  acetic  acid,  aol* 
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plrafoiu  aeid,  BQlphnr,  «ad  cUorine.  The  action  of  iodide  of 
cyanogen  on  acetate  of  niver  forms  iodide  of  ailver,  and  appai* 
lently  iodide  of  cyanogen. 

Tlieae  interesting  facta  are  capable,  as  Wurtz  suggeats*,  of 
another  iuterpretatioi),  by  aaauning  that  the  bodies  are  mixed 
anhydrous  acids.  Thus  the  acetate  of  chlorine  is  hypochlor. 
acetic  anhydride,  and  Warts  expreaaea  its  formation  in  the  £ol* 
lowing  manner : — 

ClJ*^+C»H»0/*^-''L       CI/-  J- 

Anhydrous    Anhydrous  Anhydrous  hjrpo- 

hypocliloroui  acetic  acid*  chloracetic  acid* 

add. 

Iionren90  has  deaeribedf  a  series  of  new  eompounds^  the 
polyglyceric  alcohols.  They  bear  the  same  idatioii  to  glycerine 
that  the  polyethylenic  aloohols  %  do  to  glycol.  These  latter  bodiea 
were  obtained  by  the  action  of  hydrochloric  glycol  on  glycol  in 
ej^cesa :  the  formation  of  the  new  bodies  is  quite  analogous ;  it 
amnea  when  hydrochiorate  of  glycerine  acts  on  glycerine  in 
excess.  Louren90  saturated  a  portion  of  glycerine  with  hydro* 
chloric  acid  gas,  and  having  added  to  it  an  equal  quantity  of 
glycerine,  hn  heatrd  the  whole  to  180°  C.  for  several  hours  in  a 
dask  connected  with  a  condenser  so  that  the  distillate  fell  again 
into  the  liask.  The  result  of  this  action  was  a  very  thick  brown 
liquid,  which  was  distilled  under  a  pressure  of  10  millims.  A 
body  was  obtained  boiling  at  220° — 230^  under  this  pressure. 
It  had  the  composition  €^H^^  Q^,  and  its  formation  may  be  thus 
expressed : — 

Olycenne.  CI         New  body. 

Hydrochloric 
glycsnns. 

This  body,  which  Louren90  names  pyroglycerine,  or  diglyceric 
alcohol,  is  formed  by  the  condensation  of  two  moteeulea  of  gly- 
cerine and  elimination  of  one  molecule  of  water.  It  is  analoflooa 
in  ita  chemical  composition  to  Giaham'a  pyrophosphoric  acid. 


III  I  z^yjif 


Pyroglycerine.         Pyrophosphoric  acid. 


H 


•  Kipaiwn  <fe  CAMNe,  April  1861. 
t  Comptes  Rendus,  Febmarv  25, 1861. 
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Besides  this  there  was  formed  at  the  same  time  another  bo^ 
'Of  analogous  properties,  bttt  possessing  a  greater  viscosity.  It 
hoik  at  275^  to  285*^  under  the  pressure  of  10  miUims. ;  it  has 
the  composition  0^,  and  is  derived  from  three  molecules 

of  fflyeerine  witb  elimination  of  two  molecules  of  water.  It  is 
analogooa  to  triethylenie  alcohol  in  the  aeries  of  condensed 
glycols. 

In  the  erude  product  from  which  these  bodies  were  obtained, 
there  were  several  chlorine  compounds  which  distilled  at  the 
ordinary  atoiospheric  pressure,  and  were  separated  by  iVactional 
distillation.  A  portion  of  this,  boiling  between  23Cr  and  270°, 
whicli  chiefly  consi'^ted  of  liydrochlorate  and  dihydrochlorate  of 
pyroglycerine,  was  treated  with  potash,  by  which  chloride  of 
potassium  was  formed,  and  a  body  obt.iuied  which,  ou  purifica- 
tion and  analysis,  was  found  to  hnvp  the  composition 

It  is  mctaraeric  with  glycide,  the  existence  of  which  has  been 

placed  out  of  doubt  by  Reboul's  researches*.  Lonrenco  names 
it  pyroglycide 'f  it  stands  in  the  same  reh\tion  to  pyroglycerine 
that  glycide  does  to  glycerine,  bemg  formed  from  it  by  the  eli* 
mination  of  water. 

Glycide. 
Pyfoglyeidc* 

There  is  another  way  of  obtaining  these  polyglvceric  aleoholi^ 
which  throwa  some  light  on  their  formation.  When  glycerine 

was  heated,  and  the  part  collected  which  distilled  between  130^ 
and  266^,  and  this  portion  treated  with  ether,  an  insoluble  residne 
was  left.  This  body  gave  distiliatea  op  to  300°,  under  a  pres- 
sure of  10  millims.,  conaisting  of  pyroglyceric  alcohols*   It  is 

highly  probable  that  in  this  decomposition,  glycerine  losing 

one  niolecide  of  water  forms  glycide,  and  this  combining  with 
one,  two,  or  three  equivalents  of  p-lvcerine,  forms  polyglyceric 
compounds;  just  as  oxide  of  ethylene,  in  acting'  upon  one,  two, 
or  thiee  equivalents  of  glycol,  forms  polyethylenic  alcohols. 

Lourenyo  points  out  that  the  fonn!Uir)u  of  these  polyethylenic 
alcohols  suggests  a  plausible  explanation  of  the  formation  of  the 
different  modifications  of  metaphosphoric  acid,  which  arc  ob- 
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taincd  by  heating  niicrocosmic  salt,  or  acid  phosphate  of  soda. 
Graham's  mctaphosphate  of  soda  dels  like  glycide  or  oxide  of 
ethylene^  and  by  aucceatire  condenaations  givea  riae  to  the  diffQ> 
ent  modtficationa  of  the  acid. 

•  "^NjIo^-  H«  0=  ^    j-9«,correapondiDgto  ^^^J-O*. 

koA  phosphate  Bfetaphotpliate  '  Glycide. 

ofaoda.  ofaoda. 

^Nalo^+^g^J-O^-H^  9=^^g^aJ^  0*,  corrcspoadiog  to  S'«^}^. 

Maddrall'i  metap  P^yd** 
pbotphate  of  loda. 

Frcund*  has  made  a  series  of  experiments  on  the  preparation 
of  the  oxygen  radicals  of  llic  formic  acid  scrips  by  the  action  of 
metals  on  the  chloride  of  these  acids^  a  uielhod  analogous  to  tliat 
of  the  preparation  of  the  ether  radicals. 

Whea  chloride  of  acetyle  was  treated  with  aodium-amalgam 
no  action  enaned  in  the  cold,  and  the  actioii  aet  up  at  a  higher 
temperature  produced  a  complete  deoompoaition  with  forma- 
tion of  empyreumatic  aubatancea.  The  action  of  chloride  of 
butyryl^  0*H^OC],  on  aodium-amalgam  gave  better  reanltfc 
When  alightly  warmed  together,  an  action  waa  induced  which 
diaengaged  heat  aufficient  to  continue  it ;  the  flaak  waa  connected 
with  a  Liebig'a  condenaer,  ao  that  the  distillate  flowed  back. 
Alter  a  short  time  the  mixture  was  distilled;  the  unaltered 
chloride  paased  off ;  the  residue  consisting  of  mercury,  chloride 
of  sodium,  and  butyryie,  waa  digeated  with  water,  and  the  buty* 
ryle  which  rose  to  the  surface  removed.  The  chloride  of  buty* 
ryle  which  had  distilled  off  was  treated  again  with  sodium- 
amalgam,  and  the  process  repeated  until  a  large  quantity  of 
batyryle  had  been  accumulated.  This  was  digested  nitb  car- 
bonate of  potash^  %vu'^hed,  dried  over  chloride  ot  caicuun,  and 
rectified.  No  |iroduet  of  cnnstnnt  boiling-ponit  was  obtained ; 
but  a  portion  distilling  between  260^  and  280°  gave  on  analysis 
numbers  agreeing  with  the  formula  of  butyryle,  or  rather  dibu- 

tyryle,  €*H*^G*as^l|7Q  X   Ita  formation  may  be  thua  cx* 

pressed ; — 

2  ^'^^'gjj.+2Na=gJj7^|+aNaa 

Chloride  of    Soffinm.  Butvryle, 
•  butytyle. 

*  )4^ig*s  Jjiaa/f«»  ipril  186i. 
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The  action  of  strong  potash  on  butyryle  is  very  energretic ; 
butyrate  of  potash  is  formed  as  well  as  a  substance  of  a  pleasant 
odoui-,  which  has  the  composition  of  the  ketone  of  butyric  acid^ 
but  in  properties  appears  to  be  quite  different. 

MaitiiiB^  bas  published  an  investigation  on  the  cyanides  of  the 
metals  associated  with  platinum.  In  their  preparation  he  used 
the  residues  obtained  from  the  manufacture  of  Russian  platinum. 

The  method  of  separating  the  metals  which  he  adopted  is  a  com- 
bination of  several  mrthods,  and  presents  some  interesting  point?. 
'  The  residues  were  hueiy  powden-cl,  and  the  larger  praius  of 
osmium-iridium  se])aratcd  by  decantation.  The  residue  having 
been  dried  and  heated,  was  fused  with  a  mixture  of  lead  and  oxide 
of  lead,  by  which  all  the  silicates  and  other  siiuilar  Hiipuritiea 
passed  into  the  slag:,  and  a  lead  regulus  \\  as  obtained  cont4iinin«^ 
aU  the  platinum  metals.  When  this  was  treated  with  dil utt-d 
nitric  acid,  a  residue  was  left  consisting  principally  of  iridium  and 
otminmoiridium.  The  latter  was  separated  by  decantatbn.  lb 
bring  it  into  a  state  of  fine  powder^  which  could  not  be  eflected 
ih  the  ofdinary  way  on  account  of  its  hardness,  it  was  melted 
iHth  line  in  a  carbon  crucible,  by  which  it  was  dissolved;  whea 
tins  mass  was  afterwards  heated  in  a  wind  fomaee,  the  sine  was 
expelled  and  the  mineral  left  in  a  state  of  fine  powder. 

The  osmium-iridium  was  then  heated  in  a  current  of  oinrgen  ; 
aome  osmic  acid  was  formed,  which  volatilised,  and  was  eol  lected 
in  a  well-cooled  receiver.  The  residue  and  the  iridium  were 
then  mixed  with  an  equal  weight  of  common  salt,  and  heated  in 
a  enrrent  of  chlorine;  the  mass  was  dissolved  in  water,  and  the 
solution  which  contninrd  the  double  chlorides  was  boiled  with 
aqua  regia,  by  which  osmium  was  removed  as  osmic  acid,  and 
was  received  in  a  solution  of  ammonia.  The  residual  solution 
was  then  mixed  with  sal-ammoniac,  which  precipitated  everything, 
excepting  a  little  rhodium,  as  auimonuim  double  salt.  The  pre- 
cipitate consisting:  principally  of  iridium,  but  containing  also  some 
platinum  and  ruthcniuin,  was  fused  with  cyanide  of  potassium 
to  convert  it  into  cyanides;  this  was  boiled  with  hydrochloric 
add  to  decompose  excess  of  cyanide  of  potassium/ and  then  sul- 
phate of  copper  added^  which  gave  a  red  precipitate  of  the  cop* 
per  salt. 

By  digesting  this  precipitate  with  baryta  water,  oxide  of  copper 
waa  formed  and  the  barium  double  cyanides.  They  were  easily 
aeparated  by  crystallization,  the  platinocyanide  of  barium  being 
more  insoluble  than  the  iridiocjranide  of  barium.  The  smaU 
quantity  of  ruthenium  waa  contained  in  the  mother^-liquor  of  this 
latter  aalt. 

•  UOM^M  AnnOm,  Hansh  1861, 
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Otmiocj/anide  of  Paiaumm,  Os  Gy,2KCy-i-8HO.-*-Tktt  saH 
WIS  prepared  by  adding  cyanideof  potauttua  to  a  aolatkui  of  oamit 
aeidj»  evaporating  to  dryness^  and  heating  to  redn«n  in  a  covered 
crneible.  On  dissolving  out  the  maia  in  a  amall  quantity  of 
water  and  crystalliiingy  the  salt  was  obtained  in  fine  yeUow 
]amin»,  which  belong  to  the  dimetrie  system^  like  the  ferroGya« 
nide  of  potassiom :  the  osmiocyanide  of  potassium,  besides  being 
analogous  in  composition  and  crystalline  form  to  this  salt,  has 
the  still  closer  resemblance  that  it  exhibits  (as  a  special  investi- 
gation by  Kobfll  showed)  the  same  abnormities  in  its  optical 
relations  which  have  lately  been  found  charactenatic  of  ferio* 
Qfanide  of  potassium. 

By  the  action  of  nitric  acid  on  osmiocvainde  of  potaasium  a 
nitro-compound  appeared  to  be  formed.  Experiments  made  to  pre- 
pare a  series  of  compounds  analogous  to  the  ferricv  amdea  were 
unsuccessful.  Chlorine  passed  into  a  soJntiun  of  or^miocyanide 
of  potasiiium,  produced  a  red  colour,  but  oii  evaporation  only 
crystals  of  the  double  salt  of  chloride  of  osmium  and  chloride  of 
potaasintii  were  obtained. 

Otmiocyanide  of  Ilydroyen :  OmimcymdeAcid,  Os  Cy,2W^j^ 
This  substanoe  was  obtained  in  a  way  analogous  to  the  Ibsroeyaaio 
aoid :  by  treatiDg  a  cold  saturated  solution  of  osmioqranida  of 
potasstum  with  ^^ing  hydrochloric  acad^ 

08Cy,2KCy-f  2HC1  =  08Cy,2HCy  +  2KC1, 

— a  reaction  which  distinguishes  osmium  and  ruthenium  from 
other  platinum  metals — a  precipitate  was  obtained,  which  was 
filered,  washed  with  strong  nydroehloric  acid,  dissolved  in  alcohol, 
and  ether  added.  In  this  way  the  body  was  obtained  in  trans- 
parent columnar  crystals  of  strongly  acid  properties. 

Perfectly  stable  in  the  dry  state,  osimoc yamc  acid  decora poacs, 
when  exposed  to  the  air  in  a  moist  state^  into  cyanideof  osmium 
and  liytlrocyanic  acid. 

Wl\cn  any  osmiocyanide  is  boiled  with  strong  hydrochloric 
aeidj  hydiocyauie  acid  di^icugagcd,  and  a  dark-violet  precipitate 
is  formed,  which  is  (^anide  or  osmium^  Os  Cy. 

When  osmiocyaniae  of  potassium  is  mixed  with  a  peraalt  of 
iron,  a  splendid  violet  precipitate  is  formed^  which  is  as  delicato 
a  test  for  iron  as  the  ferroeyanide.  This  precij^tate  could  not  be 
amdysed,  on  account  of  ita  retaining  a  quantity  of  water,  whidi ' 
could  not  be  ocpelled  without  decomposition ;  hut  it  is  dinibtlew 
formed  according  to  the  equation 

2Fe«  CP  +  30s  Cy,  6KCy  =  30s  Cy,  2Fe«  Cy^  +  6KC1. 

When  this  precipitate  was  treated  with  baryta  watefj  eesqui- 
oxide  of  iron  was  formed,  and  osmioqranide  of  barium  passed  into 
aolution  and  was  aftcrwirds  obtained  in  reddish-brown  eiystak 
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of  the  trimetric  syalcin.  IUeoiii|io«tion  is  Os  Cy,  %BkOf-^%VLO, 
•nd  it  is  isomorphous  with  ferrocvanide  of  barium. 

Iridioajanide  ofBarhan,  Ir«  Cy^,  3Ba  Cy  +  18H0.— This  salt 
waa  obtained  in  the  process  of  separating  the  platiniim  metak. 
It  forms  well-detincd  cryst«nls  of  the  tiimetnV  system.  When 
treated  ^vith  a  ])rop€r  quantity  oi  sulplumc  acid  and  the  maaa 
exhausted  with  ether,  the  iridiocyanide  of  hvdro^'cn  or  iridio^ 
cyamc  aad,  Ir'Cy*  3KCy,  is  obtained  in  ri  vsralime  crusts  on 
evaporating  the  etherial  sohition.  It  is  strongly  acid,  and  iU 
solution  decomposes  carbonates.  Crystallized  from  ether  it  is 
■nliydraitt.  The  iridiocyanide  of  potassium,  lr«  Cy^,  3KCy,  has 
Wen  alreidy  dewribed  by  Wohler  and  by  Booth.  According?  to 
M irttttf  J  the  irkUot^anide  of  btrkin,  which  is  easily  ohtaiucd  pure, 
aA>rdt  a  oonveDieDt  mcaDs  of  preparing  it. 

Rkadmnftmide  ofPottmimn,  Rh«  Cy«,  8  K  Cy.-^This  salt  is  ana- 
logons  in  composition  and  mode  of  preparation  to  the  imeeding 
salt»  but  is  acted  upon  by  acetic  acid,  which  is  not  the  ease  with 
the  iridium  sslt.  When  traated  with  acetic  scid,  hydrocyanie 
acid  is  disengaged  and  a  red  powder  is  pracipitated,  which  is  tha 
cyanide  of  rhodium,  Rh^  Cy^.  This  deportment  furnishes  a  meana 
of  separatinir  the  two  mctalt. 

Martius  tiittbcr  remarks  upon  the  preparation  of  the  platiuo- 
Q'anidca  of  potassium,  and  describes  some  new^ouble 


LX  X I  n    On  rheoretical  Physics. 
By  Professor  Challis,  F,R.S,, 

T  HAVE  been  induced  to  make  the  following  remarks  chiefly 
J.  hecauae  I  am  unwilline  to  appear  inattentive  to  the  repeated 
notices  which  Mr.  Glennie  has  taken  of  my  mathematical  theory 
^  the  physical  forces.  But  I  have  occasion  to  do  little  more 
than  give  my  reasons  for  concluding  that  nothing  which  Mr. 
Oiennic  has  urged  calls  for  a  reply.  Of  coune  1  do  not  object 
to  my  hypotheses  being  tested  and  scrutiniacd  in  all  possible  wava 
that  nrp  1.  gitin)afc :  at  tbc  aamc  time  I  must  maintain  the  New* 
toman  dortnnr,  that  no  arguments  can  be  adduced  either  for  or 
agaiD^t  a  hypothesis  which  are  not  drawn  fixmi  experience  or 
fiom  a  coiiipnnson  of  the  mathematical  results  of  the  hypotbesia 
with  experieiue.  Also  it  a  necessary  condition  of  a  hypo- 
thesis that  It  oe  expressed  in  terms  which  experience  makei  m- 
telligible.  Mr.  Gh  nnie  has  not  said  that  the  ^.tatcment  of  my 
hypotheses  does  notfnilil  this  eondition  ;  neither  has  bcndduced 
any  facts  contradjctoiy  to  results  mathemafcicaUy  deduced  iiom 

•  CommumcateU  bf  tlie  Autber. 
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iheni.  He  \m  not  even  allQded  Mb  my  mathenmtt^  I  lay^ 
therafovCf  tluit  there  is  no  Mgoment  which  I  have  to  meet. 

In  proMcating  physical  inquiry,  it  appears  to  be  necesBair  i« 
pfooeed  by  way  ol  hypotheaes.  But  hypotheses  of  themselves 
tesdi  nothing:  we  liam  by  mathematics,  as  the  very  name  im^ 
plica^  because  by  mathematics  the  truth  of  a  hypo^esis  may  be 
tested  or  established.  The  existence  of  gravity  as  u  firee,  and 
the  law  of  gravity,  are  truths  which  could  not  be  ascertained 
b^  observation  alone ;  but  beings  taken  to  be  true  hypothe* 
ticallyi  they  are  proved  to  be  actually  true,  by  the  aid  of  mathe- 
matics. 

Hence  hypotheses  respecting  the  physical  forces  are  deserviD§^ 
of  consideration  only  so  far  as  they  afford  a  basis  for  mathemati^ 

cal  reasoning.  In  fact  this  quality  of  a  hypothesis  is  a  criterion 
of  its  truth,  because  all  quantitative  laws  are  fleducible  mathe- 
matically from  fruf  hypothese?..  In  selrctii-jp-  hypotheses  for  the 
foundation  of  a  G:cii(Tal  theory  of  tlu^  plu'siciil  forces,  I  had 
regard,  in  the  hrst  j^lace,  to  their  eonfonnity  w  ith  the  antcccdt-nts 
of  physical  scieiur,  aiid  then  to  the  possibility  of  arguing  from 
tht-m  mathematically.  I  have  not  met  with  any  which  in  the 
latter  respect  are  preferable  to  those  I  have  selected^  which^  con- 
sequently,  I  have  good  reason  to  adhere  to. 

To  assume  that  an  atom  is  of  constant  form  and  magnitude, 
is,  I  admit,  virtually  to  call  it  an  indivisible  particle,  and  not,  as 
Newton  docs,  an  uudividcd  particle,  "particula  indivisa."  But 
as  the  hypothesis  is  expressed  in  perfectly  intelligible  terms,  it 
is  open  to  no  objection,  provided  we  admit  with  Newton,  that  if 
hff  a  MingU  experiment  it  can  be  shown  that  the  supposed  indi- 
visible partide  is  divided  when  a  solid  mass  is  broken,  the  theory 
of  atoms  is  untenable.  When  a  physical  hvpothesis  satisfies  the 
condition  of  being  expressed  in  terms  which  common  experience 
renders  intelligible,  special  observation  and  experiment,  or  com- 
parisons of  its  mathematieal  consequences  with  facts,  alone  deter^ 
mine  whethct  or  not  it  be  true.  I  do  not  admit  that  any  meta^ 
jd^sical  argument  can  he  adduced  either  in  support  of,  or  against, 
a  physical  hypothesis.  3fe/ff-physics  come  after  physics.  If  a 
general  physical  theory  should  be  established  on  verified  hypo- 
theses, we  should  have  a  secure  basis  for  metaphysical  reasoning; 
and  possibly  it  might  then  appear  that  some  of  the  speculative 
metaphy!>icH  which  have  prevailed  during  the  last  century  are 
without  foundation. 

Bythe?ame  mode  of  reasoning,  the  liypothesis  of  a  universal 
fluid  lethrr,  the  ])ressurc  of  which  varies  proportionally  to  its 
density,  h  urutbjeetionable  nff  a  hupothesiSt  simply  because  it  is 
expressed  in  terms  whieh  experience  has  made  inteihgible. 
Whether  it  be  a  true  hypothesis,  that  is,  whether  such  ao  ether 
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be  A  rtaMift  it  another  qneetioii.  It  doea  not  admit  of  h  priori 
proof  or  disproof,  but  may  be  disproved  by  a  single  eontradlMioiy 
ibct»  or  may  receive  accumulatire  evidence  by  the  agreement  of 
ka  mathematical  lesolts  with  many  facts.    Now  I  venture  to 
assert  respeeting  this  particular  hypotheiisy  that  the  mathema* 
tieal  evidence  m  ita  truth  and  of  the  reality  of  a  fluid  lether 
is  so  varied  and  comprehensive,  that  it  may  be  prononnced  to 
be  all  but  conclusive.    ATy  reasons  for  this  assertion  are  the  fol- 
lowing     Whrn  a  mathematical  inquiry  is  made  into  the  laws  of 
the  motion  and  pressure  of  a  fluid  constituted  as  above  suppo^^ed, 
certain  results  arc  obtained  by  the  formation  and  solution  ot  ])ar- 
tial  differential  equations  which  correspond  to  various  pheno- 
mena of  light.    The  cliilcrcuce  of  the  intensities  of  diticreut  rays, 
the  variation  of  intensity  with  the  distance  from  a  centre,  and 
the  Jaw  ot  the  variation,  the  cocxistcuce  at  the  same  instant  of 
different  portions  of  light  in  the  same  portions  of  space,  the 
interference  and  non-interference  of  different  rays,  the  composite 
character  of  light,  ita  colour,  results  of  oompouudiug  colonra^ 
md  lastly  the  polarisation  of  light,  are  all  phenomena  whieli 
hare  their  eiaot  analogues  in  the  motions,  aa  mathematically 
deduced,  of  a  fluid  medium  whose  pressure  variea  aa  ita  density. 
When  the  number,  variety,  and  speciality  of  these  analogies  are 
considered,  it  seems  difficult  to  resist  the  conclusion  that  proper- 
ties of  the  fluid  vther  egpkm  phenomena  of  light,  and  that  the 
phenomena  reciprocally  give  evidence  of  the  reality  of  the  sether. 
Some  of  the  properties— for  instance,  that  of  transverse  vibration, 
which  accounts  f(^r  polarization — have  been  deduced  by  mathema- 
tical reasoning  lor  \vhich  T  am  r(  spon-iblr.    1  have,  however, 
given  to  mathematicians  the  fuiiest  opjjortuiuty  of  discussing 
these  parts  of  the  ^rcneral  argument ;  nnd  when,  as  T  hope  to  be 
able  to  do,  I  go  through  a  revision  of  the  propositions,  further 
opportunity  will  be  given.     The  proof  of  the  reality  of  the 
setherial  mot] mm,  drawn  iroin  the  explanations  which  the  iiypo- 
thesis  of  such  a  medium  gives  of  pheuoraenaof  light,  is  an  essen- 
tial preliminary  of  my  general  theory  of  physical  force,  and  I  am 
well  aware  that  on  this  ground  the  truth  of  the  theory  must  be 
contested.   If  this  point  be  carried^  the  vest^  I  think,  must 

There  ia  already  evidence  from  experiment  that  the  action  of 

physical  force  may  be  explained  hydrodynamically.  In  the  Phi- 
losophical Magasine  for  May  (p.  348),  Professor  Maxwell  has 
referred  to  a  paper  by  M.  Helmholtz  on  Fluid  Motion,  in  which 
the  author  points  out  that  lines  of  fluid  motion  are  arranged 
according  to  the  same  laws  as  the  lines  of  magnetic  force.  This, 
which  Prof.  Maxwell  chooses  to  call  a  *'  physical  analogy,''  I  of 
courae  tiice  to  be  conflnnatory  of  the  hydrodynamical  theofy  of 
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magnetic  force.  In  the  sanic  light  I  reprard  the  experimrnts  of 
Professor  Wiedemann,  mentioned  in  vol.  xi.  No.  42  of  the  *  Pro- 
ceeding:^  of  the  Royal  Society/  the  results  of  which  point  to  the 
same  conclusion. 

Cambridge  Observatoiy, 
May22,  1B61. 


LXXIV.  On  Phenomena  which  may  be  traced  to  the  Presence  ^ 
a  Medium  pervading  ali  Space.    By  Daniel  Vaughan. 

IF  the  prrnianent  change  wliich  seems  to  have  been  detected 
in  the  revolution  of  Eucke's  comet  be  not  sufficient  to 
establish  the  doctrine  of  a  space-pervading  ?pfher,  it  may  afford 
reasonable  motives  for  examining  other  indications  of  the  im- 
pediments ot  such  a  fluid  to  celestial  motion.  The  direct  in- 
formatiou  which  can  be  obtained  on  this  subject  is  at  present  very 
limited  and  uncertain.  Tiie  approximate  investigations  hitherto 
given  by  mathematicians  of  the  cause  of  the  perturbation  of  the 
planets,  necessarily  overlook  many  slight  effects  of  their  mutual 
attraction ;  and  we  aic  thus  picvciiLcd  iiom  discovering  the  un- 
periodical  changes  which  a  small  resistance  to  their  movements 
might  occasion.  In  addition  to  this,  we  are  incommoded  by  the 
want  of  observations  made  during  very  long  periods  of  time ;  for 
these  ave  as  necessary  in  tracing  the  oonrae  of  remote  physical 
eventst,  as  an  extensive  base-line  is  in  determining  the  distances 
of  the  fixed  stars.  Bat  by  investigating  the  necessary  consco 
qnence  of  a  resisting  medium^  and  testing  the  result  by  a  com- 
parison with  observed  focts,  we  may  be  enabled  to  base  onr  con- 
clusions respecting  this  important  question  on  evidence  no  less 
satisfactory  than  tnat  which  has  already  served  to  establish  many 
of  the  received  doctrines  of  physical  science. 

As  there  has  prevailed  among  some  astronomers  an  impression^ 
not  nnwhoUy  onfoundedi  in  regard  to  a  modification  which  the 
sun's  attractive  power  is  supposed  to  experience  from  the  emis- 
sion of  his  light,  it  seems  advisable  to  give  special  attention  to  « 
cases  in  which  the  central  body  is  not  luminous ;  and  certain 
phenomena,  observed  in  the  secondary  ^^ystems  and  in  the  dark 
systems  of  space,  a tiVu  d  evidence  not  vitiated  by  any  effects  which 
light  might  be  expected  to  produce.  In  my  communication  m 
the  Philosophical  Magazine  for  last  April,  I  showed  that  a 
satellite  impeded  by  the  resistance  of  a  medium  would,  by  an  im- 
perceptibly slow  diminution  of  its  orbit,  be  finally  introduced 
into  the  region  of  instability,  where  its  dismemberment  must  be 
inevitable,  and  where  it  must  be  transformed  into  a  ringi  similar 

^  Cpiniiimiiostedliytts  AiiitlM)r» 
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in  all  respects  to  those  of  Saturn.  Bot  it  night  be  prenntore  to 
Buppoae  that  the  anaahur  appendage  of  Saturn  haa  originated  in 
this  manner,  or  that  it  ia  to  be  regarded  aa  an  index  of  mt^tabilit^ 
in  the  heavena,  if  the  eondnaion  were  not  supported  by  inveati* 
gationa  of  a  different  eharaeter.  Were  the  rings  two  integral 
solid  maaaes,  the  inner  one,  even  with  the  most  favourable 
Telocity  of  rotation,  would  require  to  be  composed  of  materiala 
having  over  two  hundred  timea  the  tenacity  of  wionght  iron  to 
Mcape  being  mptnred,  in  conaeqnence  of  the  enormooa  strain 
arising  from  a  preponderance  of  centrifugal  force  on  one  part,  and 
of  grarity  on  the  other.  Even  if  this  dan^r  wrrc  removed,  solid 
rings  could  not  he  prrvrntrd  from  strikinL'  the  planet,  unless 
each  were  londcd  with  some  inequality;  and, according  to  the  inves- 
tigations ot  rrotes.^ nr  ?»Ia\well,  the  load  nuist  contain  about  four 
and  a  half  times  as  much  matter  as  the  remainder  of  the  ring. 
A  slight  excess  or  deticiency  in  the  amount  of  this  load  would  be 
fatal  to  stability  j  and  the  tendency  of  any  Huid  or  loose  solid 
mutter  to  the  localitv  where  it  occurs  must  add  much  to  the 

» 

serious  penis  aiul  the  infirmiticji  of  the  annular  structure. 

Regardjug  the  hypothesis  of  two  solid  rings  as  untenable. 
Professor  Maxwell  conaidera  the  case  of  their  ilnidity,  and  be 
arrives  at  the  conclusion  that  the  fluid  composing  them  would 
bfwlc  up  into  aatellitesj  unleaa  ita  denaity  were  leaa  than  -^^ 
of  that  of  the  primary.  But,  from  the  reanlt  deduced  in  my 
arttclea  in  the  Philosophical  jMagaaine  for  December  1860 
and  April  1861,  it  is  evident  that,  in  ao  great  a  proximity  to  the 
eentrat  body,  any  liquid  matter  would  require  a  far  greater 
denaity  to  exist  in  the  form  of  independent  satellites.  In  invea* 
tigating  the  case  of  a  ring  of  numerona  aoUd  aateUitea,  or  frag* 
menta,  he  tinds  a  combination  of  very  extraordinary  conditiona 
necessary  to  prevent  the  derangements  and  permanent  changes 
which  collisions  and  friction  are  expected  to  occasion.  The  bodies 
are  to  be  nil  equal  in  mass,  and  placed  in  rei^ular  array  around 
Saturn;  but  the  intenals  between  them  must  be  very  great 
compared  with  the  linear  dimensions;  and  the  ratio  between 
'  the  planet  and  the  ring  must,  according  to  his  forniuljc,  be 
greater  than  ' multiplied  by  the  square  of  the  number  of 
satellites  composing  the  latter.  When  we  consider  the  vast 
number  of  such  bodies  required  to  maintain  the  continuity  of 
the  ring,  and  the  great  improbability  that  all  the  immense  group 
should  have  the  peculiar  conditions  for  preventing  one  from 
striking  another,  we  may  regard  the  essay  of  the  eminent  mathe- 
matician  aa  a  proof  that  the  disconnected  matter  composing  the 
annular  appendage,  whether  it  be  Huid  or  aolid,  cannot  be  main- 
tained in  its  present  condition  without  the  occurrence  of  friction 
and  collisiona  between  its  partsv 
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Besides  the  valid  objections  which  Professor  Maxwell  urges 
•gainst  the  commoii  im  which  regardi  the  rings  as  two  flat 
■oiids^  otheia  of  a  somewhat  diflwrent  character  have  heen 
Mggestod  hy  Mr.  Bondj  who  has  emhraced  the  opinion  that  the 
ring  iff  flnid.  But  whatever  he  its  composition,  or  whatever 
proportions  of  fluid  and  solid  matter  it  may  consist  of»  all  its 
parts  must  have  independent  movements  around  fiatttm,  and 
velocities  depending  on  their  distance  from  his  centre.  The 
attraction  of  the  planet  will  be  an  insurmountable  obstacle  to 
their  conversion  into  satelUteff,  and  will  even  prevent  them  from 
concentrating  in  excessive  numbers  in  any  locality ;  but  their 
incessant  action  must  be  attended  with  a  constant  development 
of  he?\t  and  a  prradnn!  destruction  of  motion.  In  consequence 
of  the  lu  cessary  alteration  in  the  orbit  of  its  parts  from  this 
cause;  the  dimension"^  of  the  rins:  cannot  always  remain  the 
same;  and  though  it  is  not  likely  that  the  nearest  edge  is  up« 
pi*oaching:  the  planet  so  rapidly  as  the  researches  of  Struve 
and  Ilarinen  would  indicate,  yet,  as  some  chang:e  of  this  nature 
is  unavoidable,  we  cannot  lesist  the  conclusion  that  the  rings 
have  been  introduced  into  the  zone  which  they  now  occupy, 
from  one  in  which  their  matter  could  only  exist  in  the  form  of 
two  satellites.  Accordingly  there  appeara  to  be  no  ground 
for  any  other  inference  than  that  I  have  adopted,  in  regard 
to  the  imperceptible  diminution  of  the  orbits  of  secondary 
planets  by  the  action  of  a  resisting  medium* 

In  tracing  the  ultimate  effects  of  a  similar  impediment  to 
motion  in  the  dark  systems  of  remote  space,  we  deduce  so  aatis^ 
factory  an  explanation  of  the  temporary  stars,  that  we  may  regard 
these  celestial  apparitions  as  indicating  the  existent  of  the 
same  sethereal  fluid,  and  manifesting  the  great  revolutions  to 
which  it  leads  in  the  condition  of  the  heavenly  bodies.  In  my 
last  article,  I  have  shown  that  tlie  in^tantaneotis  manner  in 
which  a  secondary  or  .1  ])nmary  planet  must  undergo  a  total 
dismemberment  on  coming  into  fatal  proximity  with  the  central 
sphere  hui  inoiii/es  in  a  very  decided  manner  with  the  astonish- 
ing rapidity  with  which  temporary  stars  attain  their  greatest 
brilliancy.  This  peculiarity,  taken  in  connexion  with  the  com- 
paratively slow  and  gradual  dcclme,  is  sufficient  to  set  aside  the 
theory  which  ascribes  such  ephemeral  exhibitions  of  light  to  the 
rotation  of  great  orbs^  self-luminous  on  one  side  and  dark  on 
the  other.  But  this  theory,  though  adopted  by  Arago  and 
other  eminent  astronomers,  is  liable  to  a  more  fatal  objection* 
This  will  he  apparent  when  we  investigate  the  cireumstancea 
necessary  to  make  a  partially  luminous  sphere  or  spheroid  dis|day 
ita  brilliancy  to  the  inhabitants  of  the  earth  for  only  seven* 
teen  months,  while  iti  p<«od  of  rotatioa  has  heen  estimated  M 
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for  manifestiDg  s«eh  an  extraordinary  inequality  between  iti 
periods  of  light  and  darkness^  the  surface  of  the  anppoaed 
distant  sphere  must  be  nearly  200^000^000  times  as  great  as 
the  part  of  it  aeDding  light  to  our  planet  duiing  the  period  of 

maximum  brightness.  The  light,  moreover,  must  have  pro- 
ceeded from  the  verge  of  the  invisible  disk  ;  aud  this  circuni- 
stance,  taken  in  connexion  with  the  burprismg  biilljancc  of 
the  star  of  1572,  together  with  the  invariability  of  its  position, 
will  compel  us  to  ascribe  to  the  spectral  orb  in  question  a  dia- 
meter far  exceeding  that  of  Neptune's  orbit.  We  must  uLsd 
regard  these  vast  bodies  as  solid ;  for,  if  composed  of  liquid  or 
gaseous  matter,  they  could  not  have  the  luminosity  confined  to 
particular  localities.  Even  if  stellar  movements  could  permit 
UB  to  suppose  the  existence  of  such  stupendous  spheres,  the 
fixplanatutt  would  be  applicable  fo  one  or  two  caaea  only ;  and 
we  nraat  theiefoie  reject  a  hypothesis  whoae  claima  lesta  solely 
oa  the  gieater  impenectunia  of  others  proposed  to  account  for 
the  same  fdienomena. 

But  investigationa  teapeetbg  the  neoesiarjr  course  of  physieal 
events  in  the  dark  ayatema  afford  still  more  Important  evidence 
in  regard  to  the  acthereal  contenta  of  apace.  Were  the  central 
body  composed  of  solid  matter,  or  surrounded  with  an  atmo- 
sphere of  oxygen,  nitrogen^  or  carbonic  arid,  a  development  of 
heat  and  light  might  be  expected  to  attend  the  dilapidation  of 
one  of  the  satellite?:!,  or  the  ultimate  incorporation  of  its  matter 
with  the  great  orb  ;  but  the  appearance  would  not  correspond 
to  that  exhibited  by  the  temporary  stars.  Adii  ltmg  that  a 
solid  globe,  almost  as  large  as  the  sun,  may  be  rendered  so 
highly  incandescent  as  to  shine  like  the  star  of  1572  in  its 
greatest  brilliancy,  it  would  be  imposisible  for  it  to  cool  so 
rapidly  a.s  to  become  invisible  in  the  course  of  seventeen  months. 
Besides  lliis,  il  may  be  easily  shown  that^  if  our  earth  had  a 
diameter  of  80,000  miles,  with  its  present  density  and  superfi- 
cial temperatuie^our  atmosphere  would  have  its  density  reduced 
a  ndllionfold  with  an  elevation  of  six  or  seven  miles.  Thus^ 
the  gieater  mass  we  assign  to  the  central  body^  the  more  nar* 
row  must  we  regard  the  atmospheric  region  where  light  can  he 
developed  by  aerial  compression ;  and  the  less  display  of  lustre 
could  we  expect  from  tins  cause  when  a  satellite  fell  from  tta 
stage  of  planetary  existence.  But  this  difficulty  will  disi^pear 
when  we  suppose  that  the  aether  of  space  forms  for  the  several 
great  celestial  bodies  extensive  atmospheres^  which  are  rendered 
luminous  by  adequate  compression,  or  rather  by  the  chemical 
action  it  induces — a  theory  which  becomes  necessary  to  account 
for  the  luminosity  of  meteors  and  the  peipetual  brilliancy  of  suna. 
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The  theory  which  ascribe  the  sun's  light  to  the  ineessant 
fall  of  meteon  to  his  surface,  and  which  I  have  oontroferted  in 
my  article  in  the  Philosophical  Maganiie  for  December  1858^ 
appears  to  have  been  suggested  by  the  leeently  discovered  rehi* 
tion  between  heat  and  mechanical  energy.  From  this  it  may  be 
estimated  that  a  pound  of  solid  matter,  falling  to  the  sun  from 
a  distance  of  35,000,000  milesj  is  capable  of  generating  at 
his  surface  an  amount  of  heat  about  -iOOO  times  as  great  as 
could  be  developed  by  the  combustion  of  a  pound  of  coal  in 
oxygen  <^i\ii.  But  the  large  amount  of  heat  arising  from  the 
combustion  of  hydrogen,  and  other  facts  and  principles  con- 
nected witli  thermal  agencies,  give  support  to  the  opinion  that 
the  development  of  heat  must  be  proportional  to  the  intensity 
of  the  chemical  forces  by  which  it  is  produced;  and  these  must 
be  commensurate  with  the  degree  of  elasticity  betvveeu  the 
elements  concerned  in  tiiu  caloniic  or  the  illuminating  action.  We 
have  therefore  no  grounds  for  supposing  that  the  accession  of 
temperature  imparted  to  the  solar  orb  by  the  fall  of  a  body^ 
even  from  en  infinite  dwtancei  is  neoeisanly  greater  than  tbal 
origmating  from  the  ebemieal  action  of  an  equal  amonnt  of 
matter,  the  elements  of  whieh  were  so  elastie  as  to  diffuse  them- 
selves into  space,  in  opposition  to  the  attraetive  power  of  suns 
and  planets.  If  the  nndtdatoiy  tbeoiy  of  light  be  admitte^i 
the  medimn  which  oonvOTS  it  with  nearly  a  million  times  thf 
tepidity  of  sound,  most  have  a  modulus  of  elastieity  almost 
l»O0O,00Q|OOO,OCk)  times  as  great  as  that  of  common  air.  But 
though  not  regarding  the  ttther  whieh  gives  birth  to  solar  light  aa 
so  inconceivably  elastic,  we  may  safely  presume  that  no  matter  i« 
better  adapted  for  sustaining  the  great  fountain  of  brilliancy  by 
energetic  chemical  actloUj  than  that  whose  particles  are  asso- 
ciated with  forces  sufficiently  powerful  to  cause  its  diffuskni 
through  universal  space. 

That  the  fall  nf  meteors  is  far  more  frequent  and  more  con- 
spicuous on  the  sun  than  on  the  earth  cannot  be  (juestiuned.  If 
these  small  bodies  are  to  be  re^^^arded  as  independent  oecupants 
of  space,  two  large  spheres,  moving  with  the  same  velocity  tluough 
the  region  in  whicli  they  are  located,  would  each  be  likely  to 
receive  a  number  of  them  proportional  to  its  mass  multijilied  by 
its  diameter.  The  circumstances  iu  which  the  earth  and  sun 
are  placed  will  change,  to  some  extent,  their  relative  capabilities 
of  receiving  these  foreign  bodies;  but  the  facts  which  Mr.  Car- 
rington's  ub:<ervations  ha\e  made  known  in  rcguid  to  meteoric 
phenomena  on  the  solar  dibk  are  not  inconsistent  with  what 
might  be  reasonably  expected,  and  do  not  indicate  any  special 
provision  for  feeduig  our  central  luminary  with  v^olar  supplies 
of  meteorites. 
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Tht  definite  wformatioD  whiek  Ango  was  entbled  to  foniwh 

wspecting  the  buq  by  meena  of  his  palariaeepe,  has  reeenlly 
received  an  important  aeoeaaioa  from  the  labours  of  Banaen  and 
Kirebhoff,   A  comparison  of  the  spectrum  of  the  aim  with  that 

of  various  metallic  vapours  in  a  state  of  incandescence,  enabled 
the^p  chemist*?  to  show  that  potassium,  sodium,  calcium,  and 
other  elements  widciy  diffa*»e(l  on  our  rrlobc,  enter  into  the  com- 
osition  of  the  sohir  utiiiosj)tiere.  Theu*  observations  proved, 
owever,  that  these  substances,  while  abundant  in  the  sun's  en- 
velope, instead  of  being  concerned  in  piodueing  his  li^rlit,  only 
exerted  a  negative  inilnencc — absorbing  certain  rays,  and  causing 
dark  lines  to  replace  the  bni^ht  ones  peculiar  to  their  luminous 
vapouis.  it  IS  therefore  evident  that  the  light  from  the  vapours 
of  the  elements  alladed  to  maat  be  overpowered  by  the  raja 
emuiati&g  from  some  other  source.  Profieisor  Kirailmff  has 
embraced  the  opinion  that  the  solid  globe  of  the  son  most  hnve 
t  i»r  higher  temperature  and  a  greater  illuminating  power  than 
his  atmosphere;  but  the  observations  with  Aiago^s  polariseope 
have  afibrded  positive  evidence  that  solar  light  does  not  emanate 
from  an  incandescent  solid  or  liquid  body*  It  appears  more 
philosophical  to  conclude  that  the  light  of  our  great  luminary 
origiaates,  not  from  the  vapours  discoverable  in  ita  atmospheif^ 
but  from  a  more  subtle  »thereal  medium  oombined  with  them^ 
and  possessed  of  far  greater  illuminating  power. 

The  periodical  changes  recently  discovered  in  the  sun's  spots 
seem  to  furnish  a  fatal  objection  to  the  idea  that  the  self-luminous 
condition  results  from  the  Ingli  temperature  of  his  solid  nucleus, 
or  from  the  heat  developed  l)y  its  compression.  It  can  scarcely  be 
doubted  that  the  periodicity  of  the  spots  is  depende  nt  on  the 
movements  of  the  planets;  and  the  position  of  Jupiter  seem  to 
exert  the  greatest  influence  on  their  occurrence;  as  recent  ob- 
servations show,  the  period  of  his  revolution  agrees  very  closely 
with  the  interval  between  the  times  at  which  the  spots  are  most 
numerous.  Al^ough  it  may  be  premature  to  express  a  decided 
opinion  on  so  obscure  a  subject,  there  leem  to  be  legitimate 
motives  to  justify  an  daminatiou  of  the  more  obvious  ways  in 
which  it  would  be  possible  for  a  planet  to  affect  the  luminous 
condition  of  the  solar  disk.  If,  as  Helmholts  contends,  the 
ocean  of  heat  and  light  be  maintained  by  the  compression  of  the 
sun,  the  planets  can  only  exert  their  influence  on  his  spots  hf 
diminishing  the  weight  and  pressure  of  his  materials^  in  the  same 
manner  in  which  the  moon  acts  to  raise  tides  on  our  oceans* 
But  the  alteration  in  the  weight  of  terrestrial  matter  from  lunar 
attraction,  thonp^h  extremely  small,  is  about  80,000  times  as  great 
as  that  winch  the  component  jiarts  of  tlie  sun  experience  from  the 
attractive  ibrce  of  Jupiter,   This  piaoet  holds  the  highest  piaoe 
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in  ite  eapabUit?  of  affieeting  the  preMiiK  of  Ibe  «oW  nmttw:  it 
k  afanoit  eqaalkd  by  Veniii«  but  it  w  far  superior  to.  tiie  otlier 
mambere  of  our  eyttein.  If,  howe?er,  the  planets  moved  iik  ciic)ea« 
the  peculiar  aetbn  alladed  to  eould  only  iocreaae'tbe  tendracy: 
of  the  ipota  to  appear  on  eertain  aides,  of  the  sun,  without,  mat^ 
fudly  inereasiDg  the  numbeni  Tiaihle  during  the  vear.  When  Hre 
take  into  consideration  the  changes 'oceasioned  by  the  eccentri- 
city of  their  orbits,  the  greatest  efieet  must  be  ascribed  to. 
Mercury;  Jupiter  holds  the  next  place;  after  which  we  must 
rank  Saturn  and  the  earth.  But  even  admitting  the  comprfBsaic 
biltty  of  the  sun^s  materials,  his  mean  diameter  could  not  be 
altered  more  than  the  i^th  of  an  inch  by  the  attraction  of  any  of 
his  planetary  attendants ;  and  the  variation  of  temperature  from 
this  peculiar  action  cannot  exceed  g^th  part  of  a  degree  (F.). 
That  so  small  a  variation  could  be  manifested  in  the  appear- 
ance of  the  sun's  disk,  seems  wholly  improbable,  especially  if  we 
adopt  the  estimate  of  Mr.  Waterston,  which  ;i?^9ig;n8  to  thegreati 
orb  a  mean  temperature  of  one  thousand  million  de2:rees. 

Any  effect  which  the  planets  may  be  supposed  to  occasion  by 
their  electric  or  magnetic  forces  must  be  also  rendered  extremely 
feeble  in  consequence  of  their  great  distance.  If  the  great  ocean 
of  solar  light  is  sensitive  to  the  electricity  or  magnetism  of  Ju- 
piter, the  nearest  satellite  of  this  phmet  must  feel  the  power  of 
his  mysterious  influence  to  an  extent  several  mdlioii  times  as 

g'cat ;  yet  no  indications  of  such  a  fact  have  been  observed, 
ut  supposing  the  sun's  motion  through  space  to  be  concerned 
in  nHuntaining  his  effulgrace,  the  planets  would  deme  a  lur 
more  considerable  iiifiuence  irom  the  general  movement  avonnd 
the  centre  of  gravity  of  our  system.  The  position  of  Jupitev 
would  change  the  progressive  motion  of  the  great  luminary  ahont 
twenty-four  milea  an  hour;  and  the  other  planets  will  be  at- 
tended with  results  proportional  to  their  masses  multiplied  by 
the  square  loota  of  their  distances.  Now  the  amount  of  ether 
which  the  sun  collecta  from  space,  and  the  density  it  attains  on 
his  surface,  will  depend  on  the  rapidity  of  his  translatory  motion; 
but  I  have  shown  in  the  Philosophical  Magazine  for  May  ^S5Q 
another  way  in  which  the  position  of  the  planets  would  increase 
or  diminish  the  supply  of  sethereal  fuel  which  sustains  the  gveil 
solar  conflagration. 

The  idea  that  the  space-pervading  medium  is  condensed  by 
the  attraction  of  the  celestial  orbs,  is  not  to  be  considered  a  new 
hypothesis,  but  ratlici-  a  necessary  inference  from  that  of  Pro- 
fessor Encke.  M  ere  the  density  of  the  sttbtle  fluid  uniform^ 
small  and  large  planets  would  be  so  unequally  aflected  by  its  re- 
sistance, that  their  orbits  could  not  retain  the  relation  necessary 
for  their  stability,  and  they  must  be  destroyed  by  coUisions  long 
P/uL  Mag.  S.  4.  No.  143.  Sv^.  Vol.  ^^i.  )t  L 
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Mbnihe  Mtanl  tent  of  their  enitoiM.  TUb  difficulty  will, 
llmrever,  disappear  wIm  the  effects  of  pknetai^  attraction  ia 
•ondMUUig  tiie  mcdiani  we  teken  into  oontideraboB.  How  &r 
observation  of  primaiy  or  ieeondur  worids  give  evidence  of  him 
periodical  changes  in  our  system  has  not  been  yet  determined 
with  positive  certainty.  The  constant  acceleration  of  the  moon's 
orbital  velocity,  during  the  past  2000  years,  has  been  traced  by 
Laplace  to  a  periodical  change  in  the  eccentricity  of  the  earth's 
orbits.  But  an  error  in  bis  investigations  being  lately  pointed 
out  by  Mr.  Adams,  there  appears  to  be  some  definite  ground  for 
regarding  the  lunar  orbit  as  subject  to  a  very  slow  permanent 
diminution,  which,  after  some  allowance  for  the  effects  of  tidal 
action,  we  may  consider  as  depending,  to  some  extent,  on  the 
resistance  of  a  medium.  The  great  oblateness  which  Arago  and 
BIr  Wflliim  Hendiel  aingn  to  Men  wonld  indieete  twt  tlit 
tune  of  ill  rotetioa  hat  been  eootidenbly  lengthened,  nnee  the 
MBOte  period  at  whiob  it  was  monlded  into  ite  praeent  fbrm  i 
and  thie  naj  be  looked  npon  aa  eiieometantial  evidenoe  of  1^ 
effeelB  of  an  ttUieral  icaiatanee  in  elianging  the  diurnal  motion 
of  planets.  It  is  only  to  smaller  wotlds  that  we  could  look  Ibr 
ami  molts,  for  in  larger  orbs  the  stveDgth  of  their  sohd  matter 
ean  have  little  influence  in  preventing  alterations  of  fom  to  oo»* 
leipond  with  the  relatione  of  gravity  and  eentrifugal  foiee. 

As  doubts  are  entertained  by  some  eminent  astronomers  as  to 
the  sensible  ellipticity  of  Mars,  it  may  be  well  to  refer  to  certain 
appearances  which  show  a  slight  deviation,  at  least,  m  his  form 
from  a  figure  of  equilibrium.  The  marked  indications  of  atmo- 
spheric phenomena  around  )us  |)ole8,  while  they  are  either  wholly 
absent  or  only  faintly  exhibited  m  thevicmity  of  his  equator,  is  so 
much  opposed  to  everything:  we  might  expect  from  the  condition 
of  our  own  ^lobe  and  the  belted  a|)pearance  of  Jupiter,  that  we 
cannot  avoid  concluding  that  the  acnal  ocean  of  Mars  is  much 
deeper  in  his  pokr  than  in  his  equatorial  regions.  Perhaps  this 
may  aeeonnt  for  the  wy  diaoordant  randta  of  obaeffttunia  in 
detenaining  the  eitent  of  the  atmosphere  of  tbia  planet  by  oo» 
edtatione  of  the  fixed  etata* 

It  ia  to  the  lefolutionB  of  oomefea  that  astronomteal  evrioatty 
baa  ehiefly  turned  for  evidence  of  the  contents  of  interplanetary 
apace ;  but  the  advantages  of  low  density  in  these  bixhes  have 
been  coonterbalanced  by  the  great  elongation  of  their  orbits^ 
which  expoeee  them  to  very  great  disturbances  from  the  planets. 
Doring  the  past  eighteen  centuriea  Halley's  comet  has  ocenpied 
in  its  revolution  a  period  varying  from  74*88  to  79*34  years,  ac- 
teording:  to  the  Table  in  Mr.  Hindis  work  on  Comets  (pa£*e  57), 
Of  the  twenty-four  consecutive  revolutions  here  recorded^  the 
tirst  eight  average  77*69  years,  the  next  eight  76*84,  and  the  last 
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7i6-94  yeim.  This  wovU  leem  to  &voiir  ike  idaa  of  a  p«nnft« 

H^t  duniiinitum  of  tlie  orbit ;  and  I  understand  that  Da  Viao 
fiffgardt  the  movements  of  his  own  comet  as  indicative  of  aiianlar 
result  from  the  widdy  diffated  asthar.   But  the  mformatioii  oa 

thife  subject  hitherto  deemed  worthy  of  the  moat  confidence,  has 
been  derived  from  the  succenive  returns  of  Encke's  comet.  The 

advantages  which  this  body  affords  for  such  inquiries  depend 
chiefly  on  the  moderate  eccentricity  of  its  orbit  and  the  position* 
of  the  transverse  axis,  which  is  nearly  perpendicular  to  the  line 
of  the  sun*8  progressive  motion.  This  a  r  ran  clement  must  ^ve 
a  more  decided  preponderaDce  to  the  perihelion  resistance,  which 
has  the  greatest  iiitlQeiiee  m  diminishing  the  size  of  the  orbit. 

As  shooting  stars  are  now  regarded  as  small  bodies  describing 
very  elongated  ellipses  around  the  sun,  they  seem  calculated  to 
furnish  perhaps  the  most  satiyfactory  means  of  testing  the  per- 
fection of  the  celestial  vacuum.  Supposing  these  bodies  to  be 
more  sensitive  to  the  resistance  of  the  medium  than  to  planetary 
disturbances,  the  transverse  axes  of  their  orbits  will  have  a  ten- 
dency to  assume  a  uniform  direetion  \u  consequence  of  the  sun's 
progresaive  motion.  From  the  bamc  cause  the  planes  in  which 
they  move  will  have  their  intersections  confined  for  the  most 
nart  to  a  very  limited  range>  and  will  also  exhibit,  though  in  a 
Im  degree,  a  tendency  to  ooiiicidenee.  Thia  peeoliir  •naagOi* 
nient  of  their  orhita  most  caiiM  vaet  nfaiBui  of  thaw  auiiiita 
ooemieal  bodies  toeongiagate  ftom  the  moit  diiteiit  |Mrta  of  (Im 
loJar  domain  to  a  oompanitively  narrow  r^gioii  at  their  perihelkm 
passage.  Jtm:  the  appeeianee  of  the  lodiaisal  light  and  the  peno« 
didd  fall  of  ueteon,  I  have  endeavoured  to  account  in  this  man» 
nar  in  a  paper  sent  to  the  meeting  of  the  British  Aieoriatkwi 
and  nnblished  in  the  Sections  (1864,  p.  26)«  My  late  xeeearchee 
on  tke  subject  exhibit  a  closer  accord tnce  with  observed  facta 
ibm  I  oonld  then  obtain,  and  they  give  mnc^  support  to  tha 
ideas  very  prevalent  in  scientific  circles,  with  regard  to  the  agency 
of  meteors  in  reflecting  the  lodiacal  light. 

GindnaatV  Mi^  llth»  1861. 


LXXVI.  On  a  Problem  m  Tactic  which  serves  to  disclose  the  ex^ 
istence  of  a  Four-valued  Function  of  three  sets  of  three  letters 
each.  By  J.  J.  Sylvester,  M.A.,  F.R.S.,  Professor  of  Mathe* 
mattes  at  the  Royal  Military  Academy,  Woolwich^, 

AT  page  875  of  the  Majjr  J^nmber  of  the  Magazine  (in  that 
paragraph  commencing  at  the  middle  of  the  page)  I  gave 
a  Table  of  Synthemes,  correct  as  far  aa  it  want,  bnt  left  in  a  ?ery 

m  »  •  I    •  •  ♦ 

*  ComBimiwrted  by  tht  A>Bm. 
2L8 
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imperfect  state.  It  was  intended  to  be  supplemented  witb  a 
material  additiiia  vlikb  escaped  my  reoolkction'  wben,  after  a 
long  delay^  the  proofs  of  the  paper  passed  tbroagli  my  hands. 
The  question  to  which  this  Table  refers  is  the  following 

eadi  eontsiniDg  three  elemeotB,  are  given;  the 
number  of  tmimUd  triads  (i.  e.  ternary  ocnnbinations,  eomposed 
by  taking  one  element  out  of  each  nome)  will  be  27,  and  these 
27  inay  be  gi-ouped  together  into  9  synthemes  (each  syntheme- 
consisting  of  3  of  th6  triads  in  question^  which  together  indode 
between  them  a1)  the  9  elements).  It  is  desirable  to  know:^ 
Ist.  How  many  distinct  groi^ings  of  this  kind  can  be  formed. 
2nd.  Whether  there  is  more  than  one,  and,  if  so,  how  inanv 
distinct  types  of  grouping'^.  The  criterion  of  one  grou]jing 
being  t  otypal  or  allotypal  to  another  is  its  cai);ibility  or  incapa- 
bility of  being  transformed  into  that  other  by  means  of  an  niter- 
change  of  elements.  Be  it  once  for  all  stated  that  the  question 
in. hand  is  throughout  one  of  combinationa,  and  not  of  penauta- 
tions;  the  order  of  the  elements  m  a  triad,  of  a  triad  in  a  syn- 
theme, of  a  syntheme  iu  a  grouping  is  treated  as  immaterial. 
As  we  are  only  concerned  with  the  elements  as  distributed  into 
uonm,  the  number  of  interchanges  of  ekments  with  which  we 
are  coneemed  is  6 x  6^  or  1296;  the  factor  6^  arises  firom  the 
permntability  of  the  elements  of  each  nome  tn/er  se,  the  remain- 
mg  iaetor  6  from  the  permntability  of  any  nome  with  any  other. 
I  find,  by  a  method  which  eairies  its  own  demonstration  with 
it  on  its  face,  that  the  number  of  distinct  groi^hgi  is  40^  of 
which  4  belong  to  one  type  wfiamfy,  and  86  to  a  second  type 
or  family* 

Letthenomcsbel»2.d,4.5.0,7.8.9,andlet  • 

« 

C|  denote   1 . 4,  2  .  5^  3  .  G  deuute  1.4,  2.6,  8.5 

€^     „      1.5,2.6,8.4      ^     „  1.5,2.4^8.6 

„     1 . 6,  2 .  4y  8 . 5  „  1 . 6,  2 . 5,  8  •  4 


7,  8,  9 
y  denote  8,  9,  7 
9,  7,  8 

denote  1.7,  2.8,  3.9 
^«    „  1.8,2.9,8.7 

^8     »      1.9,  2.7,  3.8 

4,  5,  G 
denote  5,  6,  4 
6,  4.  5 


7  9  8 
y  denote  9,'  8^  7 

ii denote  1.7,  2.9,  3.8 
„      1.8,  2.7,  8.9 

„      1.9,  2.8,  3.7 

4,  6,  5 
fif  denote  6,  5,  4 
6,4^6 
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M^  denote  4.7,  5.8^  6.9 
«^  „  4.8,  5.9,  6.7 
'a    »     4.9,  6.7,  6.8 

1. 2, 3 


ffi denote  4.7,  5.9,  6.8 

4 .  8,  5  .  7,  6  . 9 
4.9,  5.8,  6.7 


9» 


a  dcuote   2,  3,  1 
3,  1,  2 


1  ^  3|  #w 
«'  denote  2,  3,  1 


3,  1,  2 


I  take  fint  the  krger  fiiniilj  of  86  groapings  ;  tbeae  may  be 
vepreiented  as  Mowi : 


a^0t 

• 

• 

«X 

• 

• 

bfi  J,/8  li,^ 


i,/3' 


b^ 


b^ 


byff 
bfi 


4,/3  b,ff 
b^ 


<^i7  i  c,7 

^i7 

An  example  of  the  development  of  any  one  of  the  above  sym- 
boliama  into  ita  eomspondent  grouping  will  aenre  to  render 
perfectly  intelligible  the  whole  Table. 

Let  it  be  required  to  derdope 


Since 

d|ssl.7  2.9  3.8 

£^=1.8  2.7  8.9 

i|sl.9  2.8  3.7 


4,  5,  6 
/8  =  5,  6,  4 
6,  4,  5 


4,  6,  5 
i8'=:6,  5,  4 
6,  4,  6, 


the  development  required  is  the  loUowing : — 
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1,7  A 

8.8.6 

i;7.5 

2.9.6 

3.8.4 

1.7.6 

2.9.4 

3.8.5 

1.B.4 

2.7.6 

3.9.5 

1.8.6 

2.7.5 

3.9.4 

1.8.5 

2.7.4 

8.9.6 

1.9.4 

2.8.6 

3  7.5 

1.9.6 

2.8.5 

3.7.4 

1.9.5 

2.8.4 

3.7.6 

The  whole  of  this  family  of  36  may  be  represented  under 
the  following  condensed  form,  accordiog  to  the  aotatioa  osoal 
in  the  theory  of  sabstitutions. 


^  V123 


123 
281 


123 
812 


)         a)^  \aa'  a't^J    \aa  aa  aajj 


It  remains  to  describe  the  principal  aod  most  symmetrical 
family.  This  contams  only  4  groupings,  and  may  be  repre- 
leated  indifferently  under  any  of  the  three  following  forms : 

tfjff  flja'     h^0  hyff       i^ff      e^y  c,y 

«^       %ft       or       b^*  b^  b^  or  c^y       c^y  c^i 

tfga  hffif  6^  €^y  c.y'  c.,y  cj 

In  developing,  it  will  be  found  that  each  of  these  three  represen- 
tations gives  nse  to  the  same  family  of  groupmgs,  which  from 
its  importance  it  is  proper  to  set  out  in  full  as  foflows : — 


1.4.7  S.6.8  8.5.9 

1.4.8  2.6.9  3.5.7 


1.4 

1.4 


1 .4.9  2.6.7  3.5,8  1.4 


1.4.7  t.5.8  3.6.911.4.7  9.8.9  8.8.8 

1.4.8  8.5.9  3.8.7!l.4.9  2.5.8  3.6.7 

1.4.9  2.5.7  3  6  8  1.4.8  2.5.7  3.6.9 

1.6.7  2.6.H  a. 4. y  1.5.7  2.6.9  3.4.8  1.5.7  2.4.8  3.6.9 

1.6.8  2.6.9  3.4.7|1.5.9  2.6.8  3.4.7  1.5.8  2.4.9  3.6.7  1.5 

1.6.9  2.6.7  3.4.8  1.5.8  2.6.7  3. 4. 91. 5. 9  2.4.7  3.6.8 


1.6.7  2.4.8  3.5.9;1.6.7  2.4.9  3.5.8 

1.6.8  S.4.9  S.5.7  1.6.9  9.4.8  8.8.7 

1.6.9  9.4.7  8.6. 811. 6.8  9.4.7  6.5.9 


1.6.7  2.5.»  3.4.9 

1.6.8  9.5.9  8.4.7 

1.6.9  9.8.7  8.4.8 


1.5 
1.6 
1.6 
1.6 


7  9.6.9 

9  2.6.8 

8  2.6.7 
2.4.9 
2.4.8 
2.4.7 
2.5.9 
9.8.8 


7 
9 
,  8 
.7 
.9 


8  9.8.7 


8.5. 

3.5.7 
3.5.9 
3.6.8 
3.6.7 
3.6.7 
3.4.8 
6.4*7 
6.4.8 


It  follows  at  once  from  the  above  Table,  that  if  3  cubic  eqna- 

tions  be  g-ivcn,  may  form  a  function  of  the  9  roots,  which, 
when  any  of  tlic  roots  of  any  of  the  equations  are  interchanged 
inter  se,  or  all  the  roots  of  one  with  sdl  those  of  any  other,  will 
receive  only  four  distinct  values. 

It  also  follows  that  we  may  form  with  9  letters  an  intransitive 

'  216 

gmnqp  (of  Caoehy)  ooattming'-^^  i  «.54^  or  a  tiaiuitive  gioup 
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^tnning         ^       anbititiilums.  So  the  fiunily  of  86 

groupings  lead  to  the  formation  of  an  intransitive  substitation 

gnmp  cf      u  tf.  18,  and  ol  %  tnantiTe  group  ol         or  16 

substitutions. 

8  7    5  4  * 
6iiiee9kttcniiiay  be  tlineirn>  in^-g-  x -g--,  t.  4^280 difiisr- 

ent  wa3^^  into  nomes  of  3  letters  each^  it  further  follows  that  by 

repeating  each  of  the  above  two  families  280  times  we  shall 
obtain  new  families  remaiiiiDg  uiiakered  by  any  substitution  of 
%ny  of  the  nine  elements  inter  se,  and  consequently  indicating 
^  eadstence  of  snbstitotion-groups  contuning 

l.a.3.4.6.6.7>8.9     ,  1.2.8,4.5. 6  .7,8.9 
280  x  36  280x4  ' 

t.  e.  86  end  824  sttbetitntione  respeetively. 
"  In  the  atove  lolation  a  little  conndentbn  will  ahow  that  the 
method  is  esaentially  based  on  the  aolotion  of  a  prmous  question^ 
yil*  of  grouping  together  the  svnthemes  of  binomial  duads  ot  two 
nomea  of  three  lettera  each,  which  can  be  done  in  two  distinct 
podea>  which  (ifj  e«.  gr*,  we  take  1  •  2  •  3^  4.6.6  as  the  two 
nomea  in  question)  are  repxea^ted  in  the  notation  uaed  aboTO  by 

<^  and  fi  reapeetirely.   So,  more  generally^  the  groupmga  of  the 

g-nominl  <7-ads  of  r  nomes  of  s  elements  may  be  made  to  depend 
on  the  groupings  of  the  {q — l)-nomial  [q — l)-ads  of  (r  — 1) 
nomes  of  s  elements  each.  The  more  generiil  question  is  to  dia- 
eovcr  the  j^roupings  and  their  families  of  the  aynthcmcs  composed 
of  p-noniial  lyads  of  r  nomes  of  a'  elements,  of  which  the  simplest 
example  next  that  which  has  been  considered  and  solved  is  to  dis- 
cover the  groupings  of  the  synthemes  composed  of  04  bmonM 
inada  of  3  nomea  of  3  elements  each*. 

The  chief  difficulty  of  calculating  d  prion  the  number  of  audli 
groupings  ia  of  a  similar  nature  to  that  whicli  liea  at  the  bottom 
of  the  ordinary  theory  of  the  partition  of  numbers,  namdyi  the 
liability 'of  the  same  groupinga  to  make  their  appearance  under 
diatinct  symbolical  representatuma.  Of  this  we  have  seen  an 
example  in  the  threefold  repreaentation  of  the  principal  family 
ef  4  groupings  just  treated  of*  But  for  the  exiatenoe  of  thia 

•  I  havf  nsoertaincd,  by  a  ilirrrt  nnah'ticftl  method,  wncc  the  above  WM 
writtea,  that  the  number  of  di^erent  groupings  of  theiyntbemeaoompoMd 
of  thessbiBonrialtriiilaisl44.  Theneoiberof  distinct typss or  fiymliss 
11  lArfi^  oMeaMtMaiag  12,  aaotiier  fll^  and  the  third  108  groapings* 


* 
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omltifonii  representation  of  the  same  grouping  we  could  Kave 
kffinned  a  priori  the  namber  of  groupinj^s  to  be  2  x  3  x  2'  or  48, 
whereas  the  true  number  is  only  40.  1  believe  that  the  above 
is  the  first  instance  of  the  doctrine  of  types  niakinn:  its  appear- 
ance explicitly,  and  illustratrd  by  example  la  the  theory  of  tactic. 
It  were  mnrh  to  be  desired  that  some  one  would  endeavour  to 
colle  ct  and  coUate  the  various  solutions  t  hat  have  Keen  griven  of  the 
noted  lo -school-girl  problem  by  Messrs.  Kirkman  (in  the  Ladies' 
Diary),  Moses  Ansted  (in  theCambridge  and  Dublin  Mathematical 
Journal),  by  Messrs.  Cayley  and  Spottiswaodc  (in  the  Philosophi- 
cal Magazine  and  elsewhere),  and  Professor  Pierce,  the  latest  and 
probably  the  best  (in  the  American  Astronomical  Joamal),be8idet 
various  others  originating  and  still  floating  about  intlieiailltoii* 
able  world  (one,  if  not  twOj  of  whieh  I  remember  baving been  com- 
mnnicated  to  me  manyyears  ago  by  Mr.  Ardiibald  Smiib;  F«B*S.)j 
with  a  viev  to  ascertain  whetner  they  belong  to  the  same  or  to 
distinct  types  of  aggregation. 


LX&VIL  NoHeet  respecting  New  Books. 

A  Butoinf  of  the  Progress  of  the  (ktadue  of  Variatkm  Aarmg  the 
Nineteenth  Century.  Bg  1.  Todhuntbb,  M.A.,  Fellow  and  Prin* 
cipal  Mnthematicnf  Lrrfurrr  of  St.  Johm*e  College,  Cambridge. 

Cambndg^e  :  Macmiilan  and  Co.  11361  • 

MH.  'l  ODHUNTER,  who?e  name  is  already  so  familiar  to  the 
nifitheraaticai  student,  has  at  length  produced  a  work  of  much 
greater  originality  and  research  than  any  of  his  former  and  more  cl6- 
mcotary  treatises. 

^  Hie  "  Calciilos  of  Vaiiations/*  one  of  the  most  diffieult  branehes 
of  pore  mathematics,  has  been  the  subject  of  the  laboars  of  sevctal 
eminent  mathematicianst  Eoler,  Lagrange,  Gauss,  Pbisson,  &e.» 

whose  successive  researches  and  improvements  form  an  eioeedingly 

intere^tini^  department  of  ecienti6e  history,  which,  !^o^^ever,  has 
hitherto  been  f?]>ecia]ly  treated  by  only  one  writer  in  our  own  lan- 
guage, viz.  Wciodhouse,  whose  '  i'reatise  on  Isopcrimetrical  Pro]}Iems 
and  the  Calculus  of  Variations'  was  i^ubii^hed  m  IbiO,  and  k  now 
an  extremely  tearoe  book. 

Woodhouse's  work  has  always  received  very  high  pfiise  by  sndi 
competent  judges  as  Messrs. Peacock,  Hersehcl  and  Babbage,  in  their 
'  Examples  ;  *  Professor  De  Morgan,  in  his  *  Differential  and  Inte- 
gral Calculus  ;*  and  Professor  Jellett,  in  his  'Calculus  of  Varintion«.* 
But  since  its  publication  the  calculus  hns  been  greatly  advanced  ntid 
improved;  and  it  is  to  record  this  progress  that  Mr.  Tod  hunter  has 
written  the  volame  before  us,  which  commences  where  Woodhouse 
left  oiF.  It  is  evidently  the  work  of  one  who  thoroughly  understands 
the  science  itself,  and  who  has  most  cooscientiously  and  labo* 
riously  consulted  and  studied  all  the  available  muterisls  and  sources 
of  inforaiation.   He  unites  the  qualifications  of  a  sound  mathe* 
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matician  and  a  good  linguist — a  rare  combination.  The  Memoirs 
tod  l>e»ti«ee  in  tlie  Germui  and  Italian  languages,  as  veil  at  those 
in  the  .  French  and  Latin,  have  been  completely  mattered  and  ana- 
lysed :  and  eonie  nccoiint  is  given  even  of  a  dissertation  in  the  Rus* 
sian  language.  Of  those  works  which  are  difficult  of  access  to  the 
Eng'li-h  student,  a  more  copious  account  i«  criven  ;  and  throughout 
the  whole  history,  "numerous  remark?,  criticisms,  and  corrections 
are  suggested  relative  to  the  various  treatises  and  memoirs  which  are 
analysed.  The  writer  trusts  titat  it  will  not  be  supposed  that  he 
undervaluea  the  labours  of  the  eminent  mathematicians  in  whose 
works  he  ventures  occasionally  to  indicate  inaccuracies  or  imperfeo* 
tlons^  but  that  his  aim  has  been  to  remove  difficulties  which  might 
perplex  a  student "  (Preface).  We  would  specially  point  out  the 
last  chapter  in  the  book  (pp.  505-530)  as  deserving  attentbn  in 
thi?  re«pect. 

i-uliy  agreeing  with  Mr.  Toilhuntcr  as  to  the  "value  of  a  history 
of  any  department  of  science,  when  that  history  is  pre5cntf_d  with 
accuracy  and  compictenesi*,"  we  congratulate  him  on  iiuvmg  pro- 
duced a  History  which  so  well  merits  this  character  of  "  accuracy 
and  eomplcteness ; "  and  we  sincerely  hope  that  the  success  of  hit 
present  contribotion  to  scientific  history  may  induce  him  to  carry  out 
the  intention  expressed  in  the  conclusion  of  his  Preface,  viz.  "  to 
undertake  a  similar  survey  of  some  other  department  of  science*" 


LXXVIII.  Proceedings  of  Learned  Societies, 

ROYAL  SOCISTT. 

[Continued  from  p.  469.] 
June  21, 1860.^8ir  Benjamin  C.  Brodie,  Bart.,  F^.>  in  the  Chair. 

THE  following  communications  were  read:— 
**0n  the  Sources  of  the  Nitrogen  of  Vegetation ;  with  special 
reference  to  the  Question  whether  Plnnts  assimilate  free  or  uncom- 
bincd  Nitrogen."    Bv  J.  B.  Lawes,  Esq.,  F.R.S.;  J.H.Gilbert, 
Ph.D.,  F.R.S.  ;  and  Evan  Pugh,  Ph.D.,  F.C.8. 

After  referring  to  the  earlier  history  of  the  subject,  and  especially 
to  the  conclusion  of  De  Saussure,  that  plants  derive  their  nitrogen 
fnm  the  nitrosenoiis  componnds  of  the  soil  and  the  small  amonnt  of 
ammonia  which  he  found  to  exist  ui  the  atmosphere^  the  Authors 
preface  the  discussion  of  their  own  experiments  on  the  sources  of  the 
nitrogen  of  plants,  by  a  consideration  of  the  most  prominent  facts 
estahlished  by  tlirir  owr^  investigations  concerning  the  nmount  of 
nitrogen  yielded  by  different  crops  OTer  a  giTen  area  of  land,  and  of 
the  relation  of  these  to  certain  measured,  or  known  ."ources  of  it. 

On  growine  the  same  crop  year  aiter  year  on  the  same  land,  with- 
oat  any  suppfy  of  nittocen  by  manure,  it  was  fonnd  that  wheat,  over 
a  period  of  14  years,  had  given  rather  more  than  30  lbs. — ^barley, 
over  a  period  of  6  yearsi  somewhat  less — ^meadow-hay,  over  a  perUNl 
of  3  years,  nearfy  ^  lbs.— and  beans^  over  1 1  years,  rather  more  than 
501bs.ofnitiogsii,peraece9perannQni.  dover*  another  Legominout 
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crop,  grown  in  3  out  of  4  eonieeativo  years,  had  given  m  miMi  <lf 
1 90  lbs.  T^rnipi,  om  8  oonieeotiTe  yeafs,  htd  yfelded  about  48  ftt. 

The  Graminaceous  crops  had  not,  daring  the  periods  referred  td^ 
shown  signs  of  diminution  of  produce.  The  yield  of  the  Legumi* 
T^oiis  crops  had  fallrn  ronsiderRDly.  Turnips,  again,  appeared  greatljr 
to  hare  exhausted  the  immediatelr  available  nitrog'en  in  the  sou.  Th© 
amount  of  nitrogen  harvested  in  tlie  Leguminous  and  Root-crops  was 
considerably  increased  by  the  use  of  "  mineral  mauures,"  whilst  that 
fi  the  Granunaeeoua  crops  was  so  in  a  yerj  limited  degree. 

Direct  experiments  farther  showed  that  pretty  nearly  the  sani* 
amount  of  nitro^n  was  taken  firom  a  gkvea  area  of  Und  in  tokeai 
hi  8  years,  whether  8  crops  were  gTo\m  consecatiTely,  4  in  alten** 
tion  with  fallow,  or  4  in  aiternfltion  with  befin?. 

Tfikinf*  the  results  of  6  separate  courses  of  rotation,  Bouasingnult 
obtained  an  average  of  between  one-third  and  one-half  more  nitrogen 
in  the  produce  than  had  been  supplied  in  manure.  His  largest 
yields  of  nitrogen  were  in  the  Legiuninons  crops ;  and  the  oMcal 
crops  were  la]|;er  when  they  next  succeeded  the  removal  of  the 
hignly  nitrogenons  Leguminous  crops.  In  their  own  experimente 
upon  an  nrtnal  ronrso  of  rntntion,  vrithout  mnuTire,  the  Authors 
bad  obtained,  over  years,  an  average  annual  vicld  of  o7'7  lbs.  of 
nitrogen  per  acre ;  about  twice  as  much  as  was  obtained  in  either 
wheat  or  barley,  when  these  crops  were,  respectively,  grown  year  after 
year  on  the  same  land.   The  greatest  yield  of  nitrogen  hadWn  in  a. 

crop,  grown  once  during  the  8  years;  and  the  wheat  crope 
l^own  after  rais  dom  in  the  first  course  of  4  years,  and  after  beans 
m  the  second  course^  were  about  double  those  obtained  when  wheat 
succeeded  wheat. 

Thus,  Cereal  crops,  [^^rown  year  after  year  on  the  same  land,  had 
given  an  average  of  about  30  lbs.  of  nitrogen,  per  acre,  per  annum  ; 
and  Leguminous  crops  much  more.  Nevertheless  the  Cereal  crop 
was  nearly  doubled  when  preceded  bj  a  Leguminous  one.  It  was 
•bo  about  doubled  when  preceded  hr  fallow.  LasUv,  an  entirdy 
nnmanured  rotation  had  yielded  nearly  twice  as  mudi  nitrogen  as 
the  continuously  grown  Cereals. 

Legurnlnons  crops  were,  however,  little  benefited,  indeed  fre- 
quently iiijured,  by  the  use  ot  tlie  orduiary  direct  nitrogenous  ma- 
nures. Cereal  crops,  on  the  other  hand,  though  their  yield  of  ni- 
trogen was  comparatively  small,  were  very  much  increased  by  direct 
nitrogenous  manures*  as  wdl  as  when  they  succeeded  a  highly  nitro- 
genous Leguminous  crop,  or  fallow.  But  when  nitrogenous  manures 
had  been  employed  for  the  increased  growth  of  the  Cereala^  the 
nitrogen  in  the  immediate  inorea??e  of  produce  had  amounted  to  little 
more  than  40  per  cent,  ot  that  su[)plied,  and  tlmt  in  the  increase  of 
the  second  year  after  the  application,  to  little  more  than  one-tenth 
of  the  remainder.  Estimated  iu  the  same  way,  there  had  beeu  in 
the  case  of  the  meadow  grasses  sesrody  any  larger  proportion  of 
the  supplied  nitrogen  recovered.  In  the  Leguminous  crops  the  pto* 
portion  so  recovered  ^ipeared  to  be  even  less ;  whilst  in  the  root* 
tnpt  k  fm  probably  aomewhit  gieatar,  Semd  poanUe  eqphmaA 
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Mnm  -ot  tfatt  real  or  appaicnt  Iom  of  the  idtirogen  stipplM  bj 
manure  are  enumerated. 

Tfao  qnettuni  arises — ^what  are  the  somM  of  all  the  nitrogen  of 
our  crops  beyond  that  which  is  directly  supplied  to  the  soil  by  arti- 
ficial means  ?  The  following  actnal  or  possible  sources  may  be 
enumerated  :  — the  nitrogen  in  certain  constituent  minerals  of  the 
toil ;  the  comlimed  nitrogen  annually  coming  down  in  the  direct 
aqueous  de^oijitionfl  from  the  atmosphere ;  the  accumulation  of 
oombioed  mtrogen  from  tbe  almoipbere  bytiie  aoil  in  other  ways ; 
tfae' formation  m  ammonia  In  the  sou  Iran  neo  nitrogen  and  naicent 
hydrogen;  the  fbrmation  of  nitric  aeid  ftom  ftee  nitrogen;  the 
direct  absorption  of  oombined  nitrogen  from  the  atmosphere  hj 
.plants  themselves ;  the  assimilation  of  free  nitrogen  by  plants. 

A  consideration  of  these  several  sources  of  the  nitrogen  of  the 
Tegetation  which  covers  the  earth' b  surlace  showed  that  those  of 
them  which  have  as  yet  been  quantitatively  estimated  are  inadequate 
to  account  for  the  amount  of  nitrogen  obtained  in  the  annual  pro- 
duce of  a  giTen  area  of  land  beyond  that  whieh  may  be  attributed 
to  rappUfa  bj  profiona  manuring.  Those,  on  the  other  handy  which 
have  not  yet  been  even  approximately  estimated  as  to  qoantity 
—if  indeed  fully  established  qualitatively — offer  many  practical 
difficulties  in  the  way  of  such  an  investigfttion  m  would  nftbrd  results 
appllcaijle  in  any  such  estimates  as  are  here  supposed.  It  appeared 
important,  therefore,  to  endeavour  to  settle  the  question  whether  or 
uot  that  vabi  storehouse  of  nitrogen^  the  atmosphere,  affords  to  grow- 
ing plants  anv  measurable  amount  of  its  fiee  nitrogen.  Moreorer* 
this  fuesdon  had  of  bite  years  been  submitted  to  very  estenM  and 
hbonons  ssperimental  researches  by  M.  Boussingault,  and  M.  VilW* 
and  also  to  more  limited  investigation  by  MM.  M^e,  Roy,  Cloes, 
De  Lucn,  Ilarting,  Pet^lmldt  and  ntherf?,  from  the  results  of  which 
diametrically  opposite  conclusions  had  been  arrived  at.  Before  enter- 
ing on  the  discussion  of  their  own  experimental  evidence,  the  Authors 
give  a  review  of  these  resuUsj  and  infcreuces  j  more  especially  those 
of  M.  Bonssingatdt  who  questions,  and  those  of  M.  Georges  Yille 
who  affirms  the  asstmiktion  of  free  nitrogen  m  the  process  of  vege- 
tation. 

The  general  method  of  experiment  instituted  by  Boussingault, 
which  has  been  followed,  with  more  or  less  modification,  in  most 
subsequent  researches,  and  by  the  Authors  in  the  present  inquiry, 
was — to  set  seeds  or  young  plants,  the  amount  of  nitrogen  in 
which  was  estimated  by  the  analysis  of  carefully  chosen  similar 
specimens ;  to  employ  soils  and  water  containing  either  uo  combined 
mtrogen,  or  only  known  quantities  of  it ;  to  aOmr  the  access 
either  of  free  air  (the  plants  bemg  protected  ftom  rain  and  dnst]H- 
of  a  current  of  air  freed  by  washing  from  all  combined  nitrogen  or 
of  a  limited  quantity  of  air,  too  small  to  be  of  any  avail  so  far  as  any 
compounds  of  nitrogen  contained  in  it  were  eoneerned  ;  and  finallv,  to 
determine  the  amount  ol  combmed  mtrogen  in  the  plants  produced 
and  in  the  soil,  pot,  Sec,  and  so  to  provide  the  means  of  estimatlDg 
the  gain  or  Um  of  nitrogen  during  tlie  course  of  the  experiment. 
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5>M  Royal  Society : — 

The  pltD  adopted  b j  the  Aotlion  In  diaenaiiag  tbdr  Ofwa  experi- 
mental results,  was— 

To  consider  the  conditions  to  be  fulfilled  in  order  to  pfTert  the 
solution  of  the  main  question,  and  to  endeavour  to  eUminste  nil 
sources  of  error  in  the  investi^Rtion. 

To  examine  a  nuLubcr  ut  collateral  questions  bearing  upon  the 
points  at  issue,  and  to  endeavoDr  so  far  to  solve  them,  as  to  tedaea 
the  general  solution  to  that  of  a  angle  question  to  be'  answered  bj 
the  results  of  a  final  set  of  experiments. 

To  give  the  results  of  the  final  experiments,  and  to  discuss  their 
hearings  upon  the  question  which  it  is  proposed  to  solve  hj  theni> 

Accordingly,  the  following  points  are  considered  : — 

1 .  The  prejiaration  of  the  soil,  or  matrix,  for  the  reception  of  the 
plants  and  of  the  nutriment  to  be  supplied  to  them. 

2.  The  preparation  of  the  nutrinMut,  emhiacing  that  of  mineral 
oonstituents,  of  certain  solntions*  and  of  water. 

3.  The  conditions  of  atmosphere  to  he  supplied  to  the  plants^ 
and  the  means  of  securing  them  ;  the  appnrntns  to  be  emplrn  rd,  X-c. 

4.  The  changes  undergone  by  nitrogenous  orjjanic  matter  during 
decomposition,  affecting  the  ijuantity  of  combmed  nitrogen  present, 
in  circumstances  more  or  less  analogous  to  those  in  which  the  expe- 
rimental plants  are  srowu. 

5.  The  aetbu  of  agents,  as  o»me ;  and  the  influenee  of  other 
flirenmstances  which  may  affect  the  quantity  of  combined  nitrogen 
present  in  connexioa  with  the  plants^  independently  of  the  dircet 
action  of  the  growing  process. 

In  most  of  the  experiments  a  rather  clnyt-y  soil,  ignited  willi  free 
access  ut  ftir,  well-washed  with  distilled  water,  anrl  rc-igiiited,  was  used 
as  the  matrix  or  soil.  In  a  few  cases  washed  and  ignited  pumice* 
Stone  was  used. 

.  The  mineral  oonstituents  were  supplied  in  the  form  of  the  ash  of 
plants,  of  the  description  to  he  grown  if  practicable,  and  if  not,  of 

some  closely  allied  kind. 

The  distilled  water  used  for  the  final  rinsing  of  all  the  important 
parts  of  the  apparatus,  and  for  the  supply  of  water  to  the  plants,  was 
prepared  l)y  boiling  off  one-third  from  ordinary  water,  collecting:  the 
second  third  as  distillate,  and  redistilling  this,  previously  acidulated 
with  phonphorie  acid. 

Most  of  the  pots  used  were  specially  made,  of  porous  ware,  with  n 
great  many  holes  at  the  bottom  and  round  the  sides  near  to  the 
bottom.  These  were  placed  in  glased  stone-ware  pans  with  inward- 
turned  rims  to  lessen  evaporation. 

Ut  tnrt'  use,  the  red-hot  matrix  and  the  freshly  ignited  ash  were 
mixed  in  the  red-hot  pot,  and  tlie  whole  allowed  to  cool  over  sul- 
phuric acid.  The  soil  was  then  roobtened  with  distilled  water,  and 
after  the  lapse  of  a  day  or  so  the  seeds  or  plants  were  put  in. 
,  Very  carefully  picked  hulks  of  seed  were  chosen ;  specimens  of  the 
average  weight  were  token  fm  the  experiment,  and  in  similar  speci- 
mens tlio  nitrogen  was  determined. 

The  atmosphere  suj^Ued  to  the  plants  was  washed  free  from 
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■mmQiua  by  passing  through  sulphnrie  aeid,  snd  then  otot  pminiee* 
ttone  saturated  with  sulphuric  acid.  It  then  pitted  thnmgh  k  solu- 
tion of  carbonate  of  soda  before  entering  the  apparatus  encloaing  the 
plant,  and  it  passed  ont  again  through  snlpburie  acid. 

Crtrbonic  acid,  evolved  from  marble  by  uKasured  quantities  of 
hydrochloric  acid,  was  passed  daily  into  the  apparatus,  after  passing:, 
with  the  air,  through  the  sulphuric  acid  and  the  carbonate  of  soda 

The  cncloeing  apparatus  consisted  of  a  larce  glass  shade,  lasting  In 
a  groove  filled  with  mercury,  in  a  slate  or  glazed  earthenware  stan4» 
npon  which  the  pan,  with  the  pot  of  soil,  frc,  was  jdaced.  Tubes 
passed  under  the  shade,  for  the  ingress  and  the  egress  of  air,  for  the 
supply  of  water  to  the  piants,  and,  in  some  cases,  for  the  withdrawal 
of  the  water  which  condensed  witiiin  the  shade.  In  other  cases,  the 
condensed  water  was  removed  by  means  of  a  special  arrangement. 

One  advantage  of  the  apparatus  adopted  was»  that  the  washed  air 
was  forced*  instead  of  beins  aspirated*  through  the  enclosing  vessel. 
The  pressure  upon  it  was  thus  not  only  very  small,  and  the  danger 
from  brenkage,  therefore,  nhry  smnll,  hwt  it  wfts  exerted  upon  tHe 
inside  instead  of  the  outride  uf  the  shade;  hence,  any  leakage  would 
he  from  the  iaside  outwards,  so  that  there  was  no  danger  of  unwashed 
air  gaining  access  to  the  plants. 

Ae  oondttioni  of  atmosphere  were  proved  to  be  adapted  for 
healthy  growth,  by  growing  plants  under  exactly  the  same  eircum* 
•tanees,  but  in  a  garden  soil.  The  conditions  of  the  artificial  soS 
were  shown  to  be  suitable  for  the  purpose,  by  the  fact  that  plants 
grown  in  siieh  soil,  and  in  the  artificial  conditions  of  atmosphere, 
developed  luxuriantly,  if  only  manured  with  substances  supplying 
combined  nitrogen. 

Passing  to  the  subjects  of  collateral  inquiry,  the  iirst  quc^tiuu  cou- 
iidered  wae»  whether  plants  growing  under  the  conditions  stated 
•  woold  be  likely  to  acquire  nitroecn  from  the  air  through  the  medium 
of  ozone,  either  within  or  around  the  plant,  or  in  the  soil ;  that  body 
oxidating  free  nitrogen,  nnd  thus  renderinp^  it  nssimilable  by  the  plants. 

Several  series  of  experiments  were  made  upon  the  gases  eontaineJ 
in  plants  or  evolved  from  them,  under  different  circumstances  of 
light,  shade,  supply  uf  carbuuic  acid,  &c.  Wheu  sought  for,  ozoue 
was  in  no  case  detected.  The  results  of  the  inquirv  in  other  re* 
spects,  bearing  upon  the  points  at  issue,  may  be  briefly  sunamed  up 
as  follows : — 

1.  Carbonic  acid  within  growing  vegetable  cells  and  intercellular 
passages  suffers  decomposition  very  rapidly  on  the  penetration  of 

the  sun's  rays,  oxygen  being  evolved. 

2.  Living  vegetable  cells,  in  the  dark,  or  not  penetrated  by  the 
direct  rays  of  tiie  sun,  consume  oxygen  very  rapidly,  carbonic  acid 
being  formed. 

3.  Hence,  the  proportion  of  oxygen  must  vary  greatly  according 
to  the  position  of  the  cell,  and  to  the  external  conditions  of  light,  and 
it  will  oscillate  under  the  influence  of  the  reducing  force  of  carbon* 
matter  (forming  carbonic  acid)  on  the  one  hand|  and  of  that  of  the 
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suii*8  rays  (libcratiug  oxygen)  on  the  other.  Both  aedona  maj> 
go  oa  simultaneously  according  to  the  depth  of  the  cell  i  and  tM 
onee  ontar  oeUi  may  graduallj  piM.firmn  the  itate.  la  wbidi  Hm 
sanliglit  if  the  greater  redudog  agent  to  tliat  in  wbicb-  tlie  carbon- 
natter  beeomes  the  greater. 

4.  The  great  reducing  power  operating  in  those  parts  of  the  plant 
i«rhere  ozone  is  most  likely,  it  at  ail,  to  be  evolved,  seems  unfafour- 
aihle  to  the  oxidation  of  nitrogen;  that  is  under  circumstances  ia 
which  carbon-matter  h  not  oxidized,  but  on  the  contrary,  carbonic 
acid  reduced.  And  where  b^ond  the  influence  of  the  direct  rays  o£ 
the  son,  the  ceUa  seem  to  supply  an  abandanca  of  more  eiaily  ox^ 
duKd  carbon-matter,  avaikble  ror  (uddation  ghoold  free  oxygen  or 
oxone  be  present.  On  the  assumption  that  nitrates  are  aTaUable  as 
a  direct  source  of  nitrogen  to  plants,  if  it  were  aihnitted  that  nitrogen 
is  oxidated  within  the  plant,  it  must  be  suppoi^ud  (as  in  the  ta.se  of 
earlioii)  that  there  arc  conditions  under  which  the  oxygen  cotrtjiound 
oi'mtrogeu  may  be  reduced  within  the  organism,  and  that  tiitre  are 
othm  In  which  the  leTorae  aotioiii  namdy,  the  ondation  of  nitrogen, 
can  take  place. 

5.  So  great  is  the  reducmg  power  of  certain  carboiMsompounds  of 
Tegetable  matter,  that  when  the  growing  process  has  ceased,  and  all 

the  free  oxygen  in  the  cells  has  been  consumed,  water  is  for  a  timo 
decomposed,  carbonic  acid  formed,  and  hydrogen  evoWed. 

The  suggestion  arises,  whether  ozone  may  not  he  formed  under 
the  influence  of  the  powerful  redociajg  action  of  the  carbou-com- 
ponnds  of  the  ceU  on  the  oxygen  elimmated  from  carbonic  add  by 
iiinl^ty  rather  than  under  the  direct  action  of  the  sunlight  itseUf 
-^in  a  manner  analogous  to  that  in  which  it  ia  ordinarily  obtained 
under  the  influence  of  the  active  redncins^  agency  of  phosphorus? 
But,  even  if  it  were  so,  it  may  be  questioned  whether  the  ozone 
woiiltl  not  be  at  once  destroyed  when  in  contact  with  the  carbon- 
compounds  present.  It  ia  more  probable,  however,  that  the  0£oue . 
laid  to  be  obaerred  In  the  minity  of  Tcgetation,  ia  dhii  to  tibie  action 
of  the  oxygen  of  the  au*  upon  minute  qnantitiea  of  Tobtile  carbo* 
hydraigena  emitted  by  plauts. 

Supposing  ow)ne  to  oe  present,  it  might,  however,  be  supposed  to 
act  hi  a  more  indirect  manner  as  a  source  of  combined  and  assimilable 
nitrogen  in  the  Authors*  experiments,  namely, — by  oxidating  the 
nitrogen  dissolved  in  the  condensed  water  of  the  apparatus— by 
forming  nitrates  in  contact  with  the  moist,  porous,  and  alkalin^ 
aoil— or  far  ozidaCing  the  free  nitrogen  in  the  ceUs  of  the  Met 
rootfj  or  that  evolTedin  their  deoompoaition. 
'  Ezperlmenta  were  accordingly  maoe  to  aacertain  the  influence  of 
ozone  upon  organic  matter,  and  on  certain  porous  and  alkaline 
bodies,  under  varions  circumst^uices.  A  current  of  ozonnus  air  was 
passed  over  the  snhstmu  es  for  some  time  daily,  for  several  months, 
includhig  the  whole  ut  the  warm  weather  ui  the  summer;  but  in 
only  one  caae  ont  of  deven  waa  any  trace  of  mtric  acid  detected^ 
namdy,  that  of  gurden  aoO ;  and  thia  was  proved  to  contain  nitratea 
before  being  inbmitted  to  the  action  of  Qione* 
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'  It  it  noty  indMdt  IwDoe  inlbmd  UiftI  nitrie  idd  tmM  natn  mi 
droninrtiiioet  Ve  Ibrmed  duoagh  the  inflnauio  of  oeone  m  ceyteiii 

nitrogenoofi  compomids,  on  nascent  mtrogen,  on  gaseoni  nitrogen  ui 
contact  with  porous  and  alkaline  substftnce*,  or  even  in  the  atmosphere. 
But,  considering  tlie  negative  resnit  with  larg:e  quantities  of  ozonOlU 
•ir,  Rcting  upon  organic  matter,  soil,  &c.,  in  a  wiile  rjin^^e  of  circuni- 
•tanceSj  and  for  suloug  a  period,  it  is  believed  that  no  error  will  be 
kitroduoed  into  the  main  investigatioa  bj  the  cause  referred  to. 

Nmnflrona  aperiniaitt  weie  made  to  detennlne  whether 
tfogen  was  Ofolvad  dating  tho  decompoiition  of  nttfogcnoiia  ufgniio 
eomponnds. 

In  the  first  series  of  6  experiments,  wheat,  barley,  and  bean>meal 
were  respectively  mixed  with  ignited  pnmicr,  and  ipiriited  soil,  and 
submitted  for  some  months  to  decompositiun  in  a  current  of  air,  iu  such 
manner  that  any  ammonia  evolved  could  be  collected  and  estimated. 
The  result  visa,  that,  in  5  out  of  the  6  c&ats,  there  wad  a  greater  or 
kaa  ovolntioa  of  ftoe  mtntten— amoiuting,  m  tivo  of  the  cases,  to 
noie  than  12  per  oeni.  of  the  original  nitrageii  of  the  anhitance. 

The  second  leriaa  eonatated  of  9  expeiimants ;  wheat,  barley,  and 
haana  baiiig  again  taiployod»  an^  as  h^nre,  either  ignited  soil  or 

pumice  used  as  the  matrix.  In  some  cases  the  seeds  were  submitted 
to  exjicriment  wliolc,  and  allowed  to  grow,  and  the  vegetable  matter 
produced  permitted  to  die  down  and  decompose.  In  other  cases^ 
the  ground  seeds,  or  meals,"  were  employed.  The  conditions  of 
moisture  were  also  varied.  The  experiments  were  continued  through 
aemal  inoiitlii»  when  from  60  to  70  per  cent,  of  the  earbon  had 
diaappearads 

In  8  out  of  the  9  experiments,  a  loss  of  nitrogeHv  erolTed  in  the 
free  state,  was  indicated.    In  most  cases,  the  loss  amounted  to  abooi 

one-seventh  or  one-eighth,  but  in  one  instance  to  40  per  cent,  of  th« 
original  nitroeen.  In  all  these  experiments  the  decomposition  of 
the  orp:ainc  siibstance  was  very  complete^  and  the  amount  of  carbon 
lost  wad  comparatively  uuilorm.  r 
^  It  that  appearsd  thal^  under  tare  dieumataneea,  thore  n^glit  be  m 
loaa  of  nitrogen  in  the  deooinpodtion  of  nitrogenous  organic  matter^ 
hat  that,  under  a  wide  range  of  circumstances,  the  loss  waa  veij 
considerable— a  point,  it  may  be  observed,  of  practical  importanoe  in 
ihe  management  of  the  manures  of  the  farm  and  the  stable. 

Numerous  direct  experiments  showed,  that  when  nitrogenous 
organic  matter  waa  submitted  to  decomposition  in  water,  over  mer- 
cury, iu  the  absence  of  free  oxygen,  there  was  no  free  nitrogen 
evdved.  In  fact,  the  evolution  in  question  appeared  to  be  the  result 
of  an  oiidating  proetaa. 

Direct  ezperimenta  alao  ahowed,  that  seeds  may  be  submitted  to 
germination  ami  growth,  and  that  nearly  the  whole  of  Uie  nitrogen 
may  be  found  in  the  vegetable  matter  produced. 

It  is  observed  that,  in  the  cases  referred  to  in  which  so  large  an 
evolution  of  free  mtrogen  took  place,  the  organic  substances  were 
submitted  to  decomposition  for  several  months,  during  which  time 
they  lost^  two-thirds  «i .  their  carboii.    In  tha  txy^^sim^nt^  ou  ih^ 
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quMtioD  of  Mfimtfaitioii,  however,  but  a  Tarf  aiiMH  ]ifO|MKrtion  of  the 
total  organic  matter  is  submitted  to  decomposing^  action?  apart  from 
those  associated  with  growth,  and  this  for  a  co!nj>arHli\ cly  short 
period  of  time,  at  tiie  termiuation  of  which  the  organic  form  is 
retained,  and  therefore  but  very  Utile  carbou  is  lost.  It  would 
appear,  then*  that  in  experimeuts  on  assimiUUicm  no  fear  need.be 
entertamed  of  any  aeriooi  error  arising  from  the  erolutioii  of  Aoe 
nitrogen  in  the  decompositioii  of  the  nitrogenous  organic  matter 
MoetMiily  inrolved,  m  long  as  it  ia  tabjeeted  to  the  ordinary 
process  of  germination,  and  exhaustion  to  supply  materials  for 
growth.  On  the  other  hand,  the  facts  adduced  afford  a  prohable 
explanation  of  anv  small  loss  ot  nitrogen  wliicli  niav  occur  when 
seeds  have  not  grown,  or  when  leaves,  or  other  dead  matters,  have 
suffered  partial  oeeompoaitMNi.  Th^  also  point  oot  an  objeedim  to 
the  appheataon  of  nitrogenous  oiganie  manure  in  raeh  eiqicfiments* 

Although  there  can  be  no  doubt  of  the  evolnCioii  ii  hydrogen 
during  the  decomposition  of  organic  matter  under  certain  conditioaa, 
and  althouf^h  it  has  lon»  been  admitted  that  nascent  hydrogen  mav, 
under  cortaiii  riifiinistiiucts,  combine  with  gaseous  nitrogen  and  form 
amiiiDuia — ncvertlule,v>,  t'rom  considerations  stated  at  length  in  the 
paper,  the  Authors  luitr  that  there  need  be  Utile  apprehen^iuu  of 
error  in  the  remits  of  their  experiments,  arising  from  an  nnacoomted 
supply  of  ammonia*  formed  under  the  influenee  of  naaoent  hydrogea 
gifen  off  in  the  decompositioii  of  the  organic  matter  involTed. 

Tuminf!:  to  their  direct  experiments  on  the  question  of  the  assi- 
milation oi  tree  nitrogen,  the  Authors  first  consider  whether  such 
assimilation  would  be  most  likely  to  take  place  when  the  plant  liad 
no  other  supply  of  combined  nitrogen  titan  that  contained  m  the 
seed  sowoa-  or  when  supplied  with  a  limited  amoant  of  combined 
nitrogen,  or  with  an  excess  of  combined  nitrogen  f  And  again — 
whether  at  an  carlj  stage  of  growth,  at  the  most  active  stage,  or 
when  the  plant  was  approaching  mrxtmity?  Combinations  of  these 
several  circumstances  might  givr  u  number  of  special  conditions,  in 
perhaps  only  one  iT  which  assimilatiou  ot  free  nitrogen  might  take 
place,  in  case  it  could  in  any. 

It  is  hardly  to  be  supposed  that  free  nitrogen  would  be  a&similated 
if  an  excels  of  combined  nitrogen  were  at  the  disposal  of  the  plant. 
It  Is  obvious,  however,  that  a  wide  range  of  conditions  would  be  ex- 
perimentally pronded,  if  in  some  instances  plants  were  supplied  with 
no  more  combined  nitrogen  than  that  contained  in  the  seed,  in  others 
brought  to  a  given  stage  of  growth  by  means  of  limited  extratieous 
supplies  of  combined  nitrogen,  and  in  others  supplied  with  combined 
nitrogeu  iu  a  moi  e  liberal  measure.  It  has  been  sought  to  provide 
these  conditions  in  the  experiments  under  considrration* 

In  the  selection  of  plants,  it  was  sought  to  take  sndi  as  woold 
be  adapted  to  the  artificial  conditions  of  temperature,  moisture,  &e. 
involved  in  the  experiment,  and  also  such  as  were  of  importance  in 
an  agricultural  point  of  view — to  have  representatives,  moreover,  of 
the  two  great  Natural  f  amiliei^  the  Chraminacessand  the  Trfgi'^in'Wj 
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uliidi  wem  to  diflbr  lo  widely  ia  tkeilr  reladbm  to  tlweonbined 
nitrogsa  tapplied  within  tbe  toil-^nd  finally,  to  have  some  of  th^ 
nme  descriptions  as  those  experimented  upon  by  M.  Bomaingmit, 

•nd  M.  G.  Villc,  with  such  discordlnnt  results. 

Thirteen  exprrimrufs  were  infide  (4  in  \S'^7  and  9  in  IS/iR),  in 
which  the  j>laiits  were  supplied  with  no  other  combined  nitrogen 
than  txiat  couUmeii  m  tiie  orignial  seed.  lu  1 2  of  the  cases  pre- 
ptfed  Mril  was  the  natm,  and  in  the  remaining  one  prepared 
pnaaee. 

Of  9  expcrimfnts  with  Gramuiaceoue  phmtfl^  1  with  wh«^  and  2 
with  barley  were  made  in  1857.  In  one  of  the  experiments  with 
barley  there  was  again  of  0*0016,  and  in  the  other  of  0  0026  gramme 
of  nitrogen.  In  only  two  cases  of  the  ( xperiments  with  cereals  in 
1858,  was  there  any  gain  of  nitrogen  indicated ;  and  in  both  it 
amounted  to  only  a  suioil  fraction  of  a  milligramme.  Indeed,  in  no 
one  of  the  eaaea^  in  ^ther  1857  or  1858,  was  there  move  mtro^  in 
llie  piamis  ikmiel9e$,  than  in  the  seed  sown.  A  gain  was  indicated 
only  when  the  nitrogen  in  the  soil  and  pot — which  together  weighed 
about  1500  grammes — was  brought  into  the  calculation.  Moreover, 
the  gain  only  exceeded  1  milligramme  in  the  case  of  the  experiments 
of  1857,  when  slate,  instead  of  glazed  earthenware  stands  were  used  as 
the  lute  ressels ;  and  there  was  some  reason  to  believe  that  the  gain 
indicated  was  due  to  this  circumstance.  In  none  of  the  other  cases 
was  the  gsm  more  than  wonld  be  expected  from  error  in  analysis* 

The  lesnlt  was  then,  that  in  no  one  case  of  these  experiments  was 
there  any  snch  gain  of  nitrogen  as  could  lead  to  the  supposition  that 
fre?  nitrogen  hsA  been  assimilated.  Tiie  plants  had,  however,  vege- 
tated for  Severn!  months,  had  in  most  cases  more  tlian  trebled  the 
carbon  of  the  seed,  and  liad  obviously  been  limited  in  tlieir  growth 
for  want  of  a  supply  of  available  nitrogen  in  some  form.  During  this 
long  period  they  were  surrounded  by  an  atmosphere  containing  free 
nitrogen ;  and  their  oella  were  penetrated  by  fluid  saturated  with  that 
element.  It  may  be  further  mentionedt  that  many  of  the  pknts 
^rmed  glumes  and  paleie  for  seed. 

It  is  to  be  observed  thnt  the  re«>ults  of  these  experiments  with 
cereals  go  to  confirm  those  ot  M.  Boussin  jaidt. 

The  Leguminous  plants  eKpcrinunttd  uj)on  did  not  grow  so 
healthily  under  the  arlihciai  conditious  as  did  the  cereals.  Stu^  in  all 
three  of  the  cases  of  these  plants  in  which  no  combined  nitrogen 
was  profided  beyond  that  contained  in  the  original  seed,  the  carbon 
in  the  vegetable  matter  produced  was  much  greater  than  that  in  the 
seed — in  one  instance  more  than  3  times  greater.  In  no  case,  how 
ever,  was  there  any  indication  of  assimilation  of  free  nitrogen,  any 
more  than  there  iiad  been  by  the  Graminaceous  plants  grown  under 
similar  circumstances. 

.  One  expermieut  was  made  with  buckwheat,  supplied  with  no  other 
combined  nitrogen  than  that  contained  in  the  seed.  The  rejult  gave 
no  indication  of  assimilstion  of  free  nitrogen. 

In  regard  to  the  whole  of  the  experiments  in  which  the  plants 
were  supplied  with  uo  combined  nitrogen  beyond  that  eootained  in 
PMl.  Moji.  S.  4.  No.  148.  Bi^pL  YoL  Zi.  2  U 
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the  leed,  it  may  be  obiemd  that,  from  the  constancy  of  theaanomit 

of  comliinod  nitrog^en  present  in  Tclntion  to  that  supplied!,  thronghout 
the  experiments,  it  may  be  inferred,  as  ^vcll  that  there  was  no  evolu- 
tion of  free  nitrogen  by  the  growing  plant,  aa  that  tliere  was  no 
assimilation  of  it ;  but  it  cannot  hence  be  concluded  that  there  would 
be  no  such  erolntioii  If  in  mmm  of  combiiied  nitaroeen  were  supplied. 

The  fcmilta  of  a  nomber  of  ezpenmMits,  in  which  the  phoite  wm 
■ttpplicd  with  noio  or  loss  of  oombuiod  nitrogen.  In  the  form  of  nm- 
monia-salts,  or  of  nitrates,  are  recorded.  Ten  wore  with  Cereals; 
4  in  1857,  and  6  in  1858.  Three  were  witli  T.ep:nminotis  plant?  ;  and 
there  were  also  some  with  plants  of  other  descriptions — all  in  I  s.k^. 
'    In  the  case  of  the  cereals  more  particularly,  the  growth  was  \ery 

£eatlj  increased  by  the  extraiicoiu>  supply  of  combined  nitrogen ;  in 
Bt|  tht  unoanl  of  TCp^tihlo  motter  prodooed  wm  8, 12,  and  eron 
IN)  timet  mater  thou  m  pnrtUel  caiet  without  mch  inpply.  TIm 
amount  S  nitiogen  appiopmted  was  aIso»  in  all  caaci  manj  timii 
greater,  and  in  one  case  more  than  30  times  as  great,  when  a  sup|^ 
of  combined  nitroc^en  wa?  provided.  The  evidence  is  therefore  suffi- 
ciently clear  that  all  the  conditions  provided,  apart  from  those  T^  hicll 
depended  upon  a  supply  of  combined  iiitropren,  were  adnpted  lor 
vigorous  growth  \  and  that  the  limitation  oi  growth  where  no  com* 
hincd  nitrogen  wu  inpplied  wis  dne  to  the  want  of  radi  inpply. 

Li  2  ont  of  the  4  experiments  with  cereals  m  IS57*  thcta  was  a 
■light  gain  of  nitrogen  heyond  that  which  should  ooeor  firom  etivr 
in  analysis  ;  but  in  no  one  of  the  6  in  I85B,  when  glazed  earthenware 
instead  of  slate  stands  were  used,  was  there  any  such  gain.  Tt  is  con- 
cluded, therefore,  that  there  was  no  assimilation  of  free  nitrogen. 
In  some  cases  the  supply  of  combined  nitrogen  was  not  given  uutil 
the  plants  showed  signs  of  decline ;  when,  on  each  addition,  mcreased 
rigour  was  rapidly  manKSwted.  In  othen  the  supplj  was  gtreli 
earlier  and  was  more  liberal. 

As  in  the  case  of  the  Leguminoot  plents  grown  without  eKtmeow 
supply  of  combined  nitrogen,  those  grown  with  it  progressed  much 
le^s  hrnltbily  than  llie  (  n  aminaceous  plants.  But  the  results  under 
these  conditions^  so  lar  as  theji  go,  did  not  indicate  any  mimilttion 
of  free  nitrogen. 

The  refluits  of  experiments  with  plants  of  other  descriptions,  in 
which  an  extraneous  snppl^  of  combmed  nitrogen  wee  provided,  alio 
Ikfled  to  show  an  assimilation  of  free  nitrogen. 

llras»  19  experiments  with  Graminaceous  plants,  9  without  and  10 

with  an  extraneous  supy)ly  of  combined  nitrogen — 6  with  Leguminous 
plants,  3  without  and  3  with  an  extrniiemi^  supplv  of  combined 
nitrogen,  and  also  some  with  other  plants,  iiave  been  made.  In 
none  of  the  experiments,  with  plants  so  widely  different  as  the 
Graminaeeons  and  the  Leguminous,  and  with  a  wide  range  of  condi- 
tions of  g r  0 wth,  was  there  evidence  of  an  aasimilation  of  fm  nitiogeo. 

The  condusioni  from  the  whole  inquiry  may  be  briefly  lommod 

op  as  follows 

The  yield  of  nitrogen  in  the  vegetation  over  a  given  area,  within  a 
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given  time,  especially  in  the  case  of  Leguminous  crops,  is  not  satis- 
lactorily  explained  by  reference  to  the  hitherto  quantitativelj  deter- 
mined supplies  of  eomhuud  nitrogen. 

The  tmmtB  end  oondnsions  hitherto  recorded  hj  different  ezpef^ 
menters  on  the  qnestion  whether  plintt  aiwimilitf  free  or  uneoin* 
bined  nitrogen,  arc  Tery  conflicting. 

The  conditions  provided  in  the  experiments  of  thp  Authors  on  thii 
■question  were  fouiul  to  be  quite  consistent  with  tlie  healthy  develop- 
ineiit  ot"  variuu-S  ( irauiiiiacoous  Plants,  hnt  not  80  much  SO  for  that  of 
the  Leguminous  Plants  experimented  upuu. 

It  ie  not  probable  tha^  nnder  the  dreumstaneei  of  the  eitperimenti 
4ni  aanmlktion,  iheie  would  be  any  supply  to  the  planti  or  an  nnao- 
oonnted  qnantitj  of  combined  nitrogen,  aoe  to  the  dthlff 
of  ozone,  or  of  nascent  hydrogen. 

It  is  not  probable  that  there  would  be  a  loss  of  any  of  the  com- 
bined nitrogen  involved  in  an  experiment  on  assimilation,  due  to  the 
evolution  ol  tree  nitrogen  in  the  decomposition  of  organic  matter^ 
excepting  iu  certain  cases  wheu  it  mieht  be  presupposed. 
^  It  18  not  probable  that  there  would  be  anj  loia  due  to  the  eroliir 
tion  of  free  nitrogen  irom  the  nitrogenous  oonatituenta  of  the  planti 
during  growth. 

In  numerous  experiments  with  Graminaceous  plants,  under  a  wide 
range  of  conditional  of  growth,  in  no  case  waa  there  anjr  eridmoe  of 
an  assimilation  of  tree  nitrogen. 

In  experiments  with  Leguminous  plants  the  growth  was  less  sati»- 
factonr,  and  the  range  of  conditions  was,  therefore,  more  limited. 
But  the  results  with  these  plants,  so  far  as  ther  go,  do  not  indicatt 
any  assimilation  of  free  nitrogen.  It  is  desiraole  that  the  evidenot 
of  further  experiments  with  such  plant*,  under  eonditions  of  more 
healthy  growth,  should  be  obtained. 

Ilesults  obtfiined  with  some  other  plants,  are  in  the  same  sense  as 
those  with  Griiinmaceous  and  Leguminous  ones,  in  regard  to  the 
question  of  the  assimilation  of  free  nitrogen. 

In  Txew  of  the  efidmoe  afforded  of  the  non-assnmlstioB  of  free 
nitrosen  by  plants,  it  is  yeiy  desirable  that  the  seretil  actual  or 
,  posrible  sources  whence  they  may  derive  combined  nitrogen  should 
oe  more  fully  investigated,  both  qualitatively  and  quantitatively. 

If  it  he  established  that  plants  do  not  nssimilate  free  or  nncom- 
biuL'd  nilro^^en,  the  source  of  the  large  iiinount  of  combined  nitrogen 
known  to  exist  on  the  surface  of  the  globe,  and  in  the  atmosphere, 
still  awaits  a  satisfactory  explanation. 

**  Reduction  and  Discussion  ot  the  Deviations  of  the  Compass  ob- 
served on  board  uf  all  the  Iron-built  Ships  and  a  selection  of  the 
Wood -built  Steam-ships  in  Her  Majesty's  Navy,  and  the  Iron  Steam« 
ship  '  Great  Eastern'/'  By  Frederick  J,  Evans,  £b^ 

The  analysis  of  the  deviations  of  the  compass  in  this  paper  com- 

fkrises  the  observations  made  in  forty-two  iron  shipi^  Taiying  in  sise 
rom  3  too  to  165  tons,  a  selection  of  wood-built  screw  and  paddle- 
wheel  steanJ-^  essels,  as  also  the  steam-ship  *  Great  Jb*astem' at  TaiiouS 
^  times  prior  to  her  departure  from  £ngUnd. 
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The  observatloQs  made  in  the  iroa-built  ilifpi  extend  over  periodf 
wyiug  between  tlurtcea  end  five  yean ;  end  having  been  tnade  with 
the  lame  description  of  compass<— we  Admiralty  standard — and  tinder 
wmflur  conditions  of  arrangement  and  situation,  in  accordance  with 
the  system  carried  out  in  Her  Majesty's  Navy,  detatta  of  whieb  ore 
given,  the  general  results  are  strictlv  comparable. 

In  the  analysis  of  the  Tables,  nmounting  to  nearly  250  in  num- 
ber, of  deviations  observed  in  various  parts  of  both  heinisoheres,  the 
formuUi  deduced  from  Poisson's  General  Eqnationa  hj  Mr.  Ardii> 
bald  Smith,  given  in  the  Philosophical  Tranaactiona  for  1846,  p.  348, 
Jbas  been  employed. 

In  this  formula,  the  deviation  of  the  compass  on  board  sliip. 
reckoned  positive  when  the  north  y^oint  of  the  needle  deviates  to  the 
eait,  is  given  by  the  followlnfr  expression : — 

Deviation  (c) = A  -f  B  sin  4' +C  cos    +  D  sin  2^  +  E  cos  2^, 

a'  being  the  azimuth  (by  compass)  of  the  ship's  head,  leekoned 
from  the  mag^netio  north  towards  the  east ; 

A,  D,  E  beini:  (  instant  coefficients  depending  only  on  the  amount, 
quality,  and  Hi  riiugement  or  ]>ositioii  ol  the  iron  in  the  ship :  B  and 
C,  cot^thcients  de()endiug  on  these,  and  also  on  the  magnetic  dip  and 
horiaontal  intensity,  are  each  conabtine  of  two  parts ;  one  canaed  bj 
the  permanent  magnetism  of  the  hard  iron,  the  deviation  prodnced 
by  wnich  varies  inver«:ely  as  the  horizontal  force  at  the  place  ;  and  the 
other,  caused  by  the  vertical  part  of  the  earth's  force  inducing  the 
soft  iron  in  the  ship,  the  deviation  produced  bv  which  varies  as  the 
tangent  of  the  dip  :  B  representing  that  part  of  the  couiijineJ  attrac- 
tion acting  in  a  fore-and-aft  direction,  C  that  acting  in  a  transverse, 
or  athwart-ship  direction 

•-1(3 

From  the  eqnation  tan  — g,  the  direction  of  the  ship's  foree,  and 

V  iS'+C^  the  total  magnetie  fonse  of  the  ship  in  proportion  to  the 
liorizontal  force  at  the  place  of  observation  is  nbtained :  for  con- 
venience, 1000  has  been  adopted  to  represent  the  value  of  the  earth** 
horizontal  force  at  the  English  ports  of  observation,  in  order,  by  aa 
easy  compnrisoTi,  to  note  the  changes  on  foreiiru  stations. 

]&y  comparison  oi  the  coeilicieuts  of  the  several  descriptions  of 
ships,  it  is  observed  that  in  wood- built  steam-vessels,  the  coethcients 
B  and  C  vary  nearly  as  the  tangent  of  the  dip ;  from  whence  it  may 
be  inferred,  as  a  general  mle,  that  in  steam  machinery  permanent 
magnetism  bears  but  a  small  proportion'  to  induced ;  but  in  iron- 
hniit  ships,  B  and  C  generally  vary  more  nearly  as  the  inverse  hori- 
zontal force,  showing  that  they  depend  more  on  the  permanent 
magnetism  of  the  iron  of  the  ship,  and  thus  confirming  the  view  of 
the  Astronomer  llnyal,  given  in  his  earliest  de  hictions  (Phil.  Trans. 
1839),  that  the  effect  ot  transient  induceii  magnetism  is  in  these 
ships  small  comparatively.  Numerous  examples  are  given  in  detail 
of  thb  permanency  of  magnetism,  as  also  of  the  gradiul  diminntkm 
of  the  ship's  force  resulting  from  time. 

•    An  investigation  of  the  coefficient  D,  which  is  caused  entirely  by 
the  horizontal  induction  of  the  soft  troii  in  the  ahip^  and  which  in 
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kn<m]i  as  the  ''quadntital**  deviation,  b)iow9»  that  while  in  wood* 
bnflt  8teain*thip8  it  seldom  exceeds  1^  or  1 it  rites  in  iron^botlt 
ahips  from  IJ^  to  6^  and  7^;  the  Liverpool  Compass-Comuiittee 
recording  even  n  point  of  the  compass. 

The  chief  chRracteristics  of  the  quadrantal  deriatioUj  as  developed 
in  this  investigation,  are — ■ 

1.  That  it  has  invariably  a  ])o^i^i^c  sii^ni,  cau><iug  an  easterly 
deviation  in  the  N.E.  and  S.W.  quaUranUi ;  and  a  westerly  deviation 
ia  the  iS.K.  and  N.W.  quadrants. 

-  S.  Its  amount  does  not  apoear  to  depend  on  the  aiae^  or  mass  of 
the  vessel,  or  direction  when  building;  or  on  the  existence  of  iron 
beams. 

8.  That  a  gradosl  decrease  m  amount  has  occurred,  afler  tho 
lapse  of  a  number  of  years»  in  nearly  eveiy  vessel  that  has  been 

observed. 

4.  That  the  value  remains  unchan^^  in  sign  and  amounty  on 
change'^  of  geographic  position. 

5.  That  a  value  not  exceeding  4*^,  and  ranging  between  that 
amount  and  2^,  may  be  assumed  to  represent  the  average  or  normal 
amount  m  vessels  of  all  sizes. 

Kumerous  examples  are  given  in  support  of  these  propositions,  as 
also  of  the  nniforrnity  of  the  amount  of  quadrmit^  deviation  when 
determined  in  various  parts  of  the  ship ;  and,  assuming  the  normal 
amount  in  iron  steam-ships  as  from  2"^  to  4°,  an  analysis  is  given  by 
which  it  i»eea  that  7o  per  cent,  of  the  iron  ships  of  the  Koyal  Navy 
are  included  in  this  condition. 

Two  questions  of  importance  here  arise ;  are  the  results  uf  this  aua- 
Ivsis  eondusive,  and  if  so,  under  what  conditions  do  Urge  quadrantal 
deviationi  occur?  Reverting  to  the  Astronomer  Boyal's  early  experi* 
menta  in  1838"39»  in  the  iron  ships  '  Rainbow*  and  <  Ironsidea*'  whose 
valnes  were  very  small,  and  presuming  that  those  vessels  were  built 
of  good  Tnnterifll — from  their  then  ex]>erimentn!  character — as  also 
that  similar  conditions  of  material  of  '^nod  (^ualitv  exist  iu  tlie  iron 
ships  ot  tlic  Iloval  Navy,  it  is  assumed  tluit  the  value  {9°  to  4*^^  rc- 
preseuts  tlie  average  condition  of  a  ship  built  of  the  best  or  superior 
iron* 

On  the  other  hand»  can  the  inference  be  drawn  that  large  quadrantal 
deviation  in  an  iron  ship  implies  that  inferior  material  has  been  used 
in  her  constmction  ?  Attention  is  here  directed  to  the  ships  '  Birken« 

head  *  and  '  Royal  Charter,'  which  from  their  well-known  magnetic 
coefficients  may  be  regarded  as  the  types  res])r-ctively  of  *'hard'* 
and  *'soft'*  iron  constructed  vessels,  and  from  their  consideratioi% 
as  also  Irom  a  review  of  the  general  results,  these  conclusions  are 
derived  :— 

1.  That  In  an  iron  ship  of  oidinary  dimenstons,  a  standard  com- 
pass can  be  placed,  the  deviations  of  which  will  but  little  esoeed  those 
obtaining  in  wood-built  stcam-ahips ;  and  further,  that  on  changes  of 
geographic  position,  however  distant,  these  deviations  will  be  within 

amaUer  limits,  and  can  be  approximntely  predicted. 

2.  A  divergence  irom  these  conditions  wiil  arise  when  the  iuductite 
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BMigiietism  of  the  hull  or  michiiiwy  pfedominates ;  and  it  is  inAnedt 
especially  from  the  example  of  the  *  Boyal  ChartCTj'  thai  lam  qoii> 

drantal  deviation  and  flnctnatinp:  snb-perrrmnent  masTietism  (due  to 
hull  alone)  are  co-cxisteut,  and  give  rise  to  conditions  of  compass 
^turhance  which  are  beyond  prediction,  and  which  have  hitherto 
haffled  inquiry  and  given  a  complexion  to  theoretical  deductious 
wving  as  regarded  from  diffbrait  points  of  view.  ^ 

In  ofdfflr  to  eumine  the  diange  whidi  the  origbsl  msgnstiim  of 
m  inm  diip  undergoes  after  launching,  a  series  of  compass  obsenra-, 
Hons  were  made  in  llie  steam-ship  *  Great  Eastern'  prior  to  her  quife- 
^gthe  River  Thames  in  1859,  and  subsequently  at  Portland,  Holy- 
head, and  Southampton* — at  the  three  first^named  places  wiUun 
short  periods  of  time  of  each  other. 

The  resultii,  from  au  Admiralty  iStaiidaid  Compaq  placed  in  a 
position  the  least  sobject  to  influence  from  local  masses  of  iron,  were 
as  follows : — ^In  the  tot  ftwe  days,  from  Deptford  to  Portland,  Uie 
ship's  force  had  diminished  from  0*585  to  0*480  [the  earth's  force 
^1*0001,  or  nearly  one<fiflh  ;  representing  a  decrease  in  the  "semi- 
circular deviation  from  35°  50'  to  2H°  45';  the  direction  of  the- 
force,  or  neutral  points,  approachiniz;  the  torc-aud-afl  line  by  10°, 
or  chnno:inr>;  from  47°  on  the  starboard  bow  to  37**. 

At  the  expiratioii  ui  the  next  six  weeks,  the  ship  in  the  interim 
liaving  msde  the  passage  to  Holyhead,  the  ship^s  force  diminished 
from  0*480  to  0*390,  or  ahout  one-sixth,  corresponding  to  a  deofease 
of  *<  semidrcukr"  demtion  from  28^  45'  to  23**  O',  the  direction  of 
the  force  changing  from  37"^  to  32°. 

At  Southampton,  in  June  1860,  or  nearly  eight  months  after  the 
experiments  made  at  Holyhead,  the  force  had  further  (iimiuLshed 
from  0*390  to  0*235,  or  by  one-half,  correspondii^  to  a  decrease  in 
the  *<8emicircuhur"  deviation  from  23""  0'  to  13^30';  whilst  the 
Erection  of  the  force  approached  the  fore«and*aft  line  25%  or  from 
32^  to  7^ ;  the  quadrantal  deviation  remainiog  nearly  constant 
[-1-4^^]  tibe  whole  time  included  in  the  various  observations. 

The  unvarying  tendency  of  the  direetiou  of  the  ship'^  force  in  the 
'Great  Eastern'  to  assume  a  fore-and-att  Hnc,  supports  the  view  that 
time,  with  the  vihrations  and  cnnrnssioiis  due  to  sea  ser\  ice,  leads  to 
a  distribution  ot  the  magnetic  hues,  of  the  nature  oi  a  stable  equili- 
hrium  depending  on  the  average  of  the  indudng  forces  to  which  the 
ship  is  exposed ;  the  respective  sections  of  the  huU  having  north  and 
south  polarity,  heing  sqpsrated  by  lines  approximating  more  nearly 
a  horizontal  plane  and  vertical  axis  through  the  body  of  the  ship ; 
instead  of  the  inclined  axis  aud  equatorial  plane  of  separation  due  to 
the  magnetic  dip  of  the  locaUty,  and  divergence  from  the  magnetic 
meridian,  of  the  hiiH  while  buildins;. 

The  practical  intoruiatiou  re&ukiug  iroui  tiie  example  oi'  the  'Great 
Esstem'  is,  that  prior  to  a  newly  built  iron  ship  being  sent  to  asa» 
her  head  durine  equipment  should  be  secured  in  an  op]KMite  direction 
to  that  in  whidb  she  was  built ;  and  that  the  magnetie  lines  should 

*  The  obterfsdmu  at  Soatliaaipton  wtn  audi  after  the  piper  nas  eonusmil. 
caM  to  the  Hnsl  SsBiHy,  sad  aw  ialwaasia    iwy  ef  sapplwiet' 


Digitized  by  Googlc 


Deviatiotu  of  the  Con^pesi  enJrm  and  Wooden  Steam-Mps,  ddfr 

ht  aadstid  to  be  *'aliakeii  dowa"  by  the  Tibntioiui  of  tbenecbinery 
in  t  ebort  preparatoiy  trip  prior  to  the  determination  of  her  compus 
errors,  or  their  compeusatioD ;  but  espedallj  that  in  the  early  toj- 
ages  vigilant  supervision  should  be  exeiciBed  in  the  detenninatm  of 

.  the  compass  disturbances. 

Another  important  point,  generally  neglected  when  compasses  are 
adjusted  by  the  aid  of  niaguets  iu  a  newly  built  iron  ship,  is  rendered 
manifest  by  the  results  of  this  investigation ;  namely,  die  necessity 
of  (he  errors  of  the  oompasa  beiiig  determiiicd  and  pUoed  on  reoonl 
prior  to  the  adjuatment.  Without  the  knowledge  to  be  dcmed  fnm 
these  obserratuma  of  the  magnetie  f<iroe  of  the  ihq^  alt  fatvrt 
chan§;es  of  magnetism  and  consequent  errors  of  the  compass  are 
mere  guesswork  both  to  those  who  adjast^  and  thoee  in  cnarga  of 
the  navigation  of  the  ship. 

It  is  recommended  that,  in  any  future  legislation  for  the  security 
of  the  navigation  of  our  mercantile  marine  with  reference  to  iron- 
built  ships,  the  determination  and  record  of  these  preliminary  obser«^ 
vatlons  should  be  secured. 

The  paper  concludes  by  directing  attention  to  the  general  prin- 
ciples of  practical  import  which  result  from  the  investigation.  Viz.  as 
to  the  best  direction  with  reference  to  the  magnetic  meridian  for  the 
keel  and  head  of  an  iron  ship  to  be  placed  in  building,  to  ensure  the 
least  compass  disturbance ;  the  best  position  and  arrangement  for  a 
compass  to  ensure  small  deviations,  and  permaiiency  on  changes  of 
geographic  position ;  and  the  changes  to  which  the  compass  is  liable 
ftmn  various  causes  on  the  foregoing  conditions  being  fulfilled* 

For  the  best  direction  in  building,  it  is  shown  that,  fnm  the  nature 
of  the  polarity  of  the  hull,  and  especially  of  the  top  sides  in  the  after 
section  of  the  ship  and  adjoining  the  compass,  where  usually  plaeed, 
the  Intter  least  affected  in  those  vessds  built  in  the  line  of  the  mag^ 
netic  meridian. 

For  iron  steam-vessels  engaged  in  the  home  or  foreign  trades  in 
the  northeru  hemisphere,  it  is  recommended,  from  the  then  antago- 
nistic magnetic  influence  of  the  hull  and  machinery,  to  bufld  them 
head  to  the  north :  for  iron  sailing  vessels^  from  the  top  sides»  in  the 
usual  position  of  the  compass,  being  magnetically  weak  if  buUt  head 
to  the  south,  the  latter  dtreetion  is  to  be  preferred. 

The  selection  for  the  position  of  the  compass  depends  on  the 
direction  of  the  ship  during  building ;  in  those  built  head  to  north, 
it  must  be  rcTnoved  as  far  from  the  stern  as  convenience  will  permit; 
in  those  buiit  head  to  sourh,  as  near  to  the  stern  as  convenient,  but 
avoiding  especially,  in  ail  ca^es,  proximity  to  vertical  masses  of  iron. 
In  ship  buflt  head  east  or  west,  there  is  Httle  dnnce  of  posHion :  in 
those  Duilt  on  the  intorcardinal  points,  a  position  approiiBiating  to 
the  stern  when  the  action  from  the  top-sides — to  be  detemnoed  esp^ 
limentally — ^is  at  a  minimum,  is  to  be  preferred. 

Ample  elevation  above  the  deck  and  exact  position  in  the  middla 
line  of  the  ship,  arc  primary  conditions  to  be  ooserved ;  and  no  com* 
pass  should  be  nearer  iron  deck  beams  tiian  4  feet.  As  every  piece  of 
iron  not  forming  a  part  of,  or  hammer^  in  the  f&bricatiou  of  U|« 
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hnll,  eucli  at  the  riidder,  fbnnel,  fasteBingt  of  dfck  tioiiflM«-lke.,  Is  of 
ft  magnetic  cbaracter  differing  from  the  hall  oltlie  ship,  prozimitj  to 
any  such  should  be  avoided,  and,  as  far  as  possible,  the  compass 
flfaould  be  so  placed  that  they  najr  act  as  conectora  of  the  genersl 

jnnffnptisin  of  thf  hnW. 

As  most  coinpnssos  arc  afTertril  bv  the  maorncti^m  of  tlie  ^hip  to 
an  ft  mount  depending  on  their  elevation,  and  the  direction  v^  the  ship 
ill  building,  the  disturbances  will  be  large  comparatitelj,  except  ia 
^hose  vesseis  Mlt  head  east  or  vest. 

A  series  Tables  is  appended,  wherein  the  magnetic  coeffictenta 
tod  ibip*8  force  and  direction  of  the  various  classes  of  vessels  are 
given,  toe.  ships  being  classed  aooordiog  to  the  nature  of  their  mate* 
rial  and  machineij. 


GEOLOGICAL  SOCIETY. 

[Continncd  from  p.  3U.] 
March  90, 1861. — ^L.  Homer,  Esq.«  Ftesidenf^  m  tfio  Chair. 
The  following  commmucationa  were  read :— * 

1,  "  On  a  OoUection  of  Fossil  Fianta  Iron  the  Nagpor  Territory; 
Central  India."   By  Sir  C.  Bunbury.  Bart.,  F.R.S.;  F.O.S.  &c. 

The  sped  111  ens  examined  by  the  author  were  collected  by  the  Rev. 
Messrs.  S.  Hi«lop  and  R.  Hunter,  and  presented  to  the  Geological 
Society  in  1854  and  since.  The  vegetable  remains  described  in 
this  ])apcr  are  : — 1.  Glussopterh  Brown'wna,  var.  Australasica ,  Ad. 
Brongn.  G.  Browmam,  var.  Indica.  Ad.  Brongn.  By  much  the  most 
abundant  plant  in  the  collection.  2.  G.  tnusirfolia,  »p.  noy.  3.  €r. 
InleMifrtf.  4.  G.  strida,  sp.  n.  A.  Pecopteris,  sp.  6.  Cladophle- 
hh  (?).  7.  Taniopterii  datuemde$,  M*Celland  (?).  8  and  9.  FUU 
cUes :  fonihlj  GloBSopteris,  10.  NceggerathiaO).  \\,  PhyUotheca 
Jndica^  tfi.n.  Vertebraria  (?).  Different  from  the  true  Fer/e- 

hraria,  and  probably  roots,  \Z,  Knorrin  (}).  \A.  SligmariaQ), 
15.  Part  of  H  stem,  somewhat  Sigillarian  m  ;ip])e;irance.  16.  Yuc- 
cites  (?).  'i  he  fruits  and  t«eed6  are  re8er\'ed  for  further  examination. 
On  a  general  surrey  of  all  these  plant*remains,  the  author  for  the 
present  considers  the  fadew  of  the  fossil  ilora  under  notice  to  be 
MesoKoic  rather  than  Palaeozoic,  but  he  regards  the  question  as  an 
open  one*  and  requiring  much  further  light  for  its  pofect  elucida- 
tion. 

2.  **  On  the  Age  of  the  Fossiliferous  thin-beddcd  Sandstones  and 
Coal-beds  of  the  Province  of  Nagpur,  Central  India."  By  the  Rey« 
Stephen  Hislop.    Communicated  by  the  President. 

'ITie  ftuthor  first  pr^inted  ont  tlie  j)lnce8  near  tlie  city  of  Nng'fi'Ur 
^'here  the  plant  benring  sauries/ our  has  been  best  studied.  He  next 
noticed  the  carbonaccou!*  shales  underlying  thick  sandstones,  at  the 
foot  of  the  Mahidewa  Hills  and  the  coal-^eams  of  Barkoi,  near  Umret, 
80  miles  and  more  N.W.  of  Nagpur ;  and  ):ointed  out  their  relation- 
ship to  the  plant- bearing  sandstone  near  Nagpur,  as  shown  by  the 
Ohn^pttrU  and  other  foeeils  found  in  each  hnndity. 
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At  MdngaH,  between  50  and  60  milta  S.  of  Nagpur.  dM  led 
nadstDiiee  are  Iband.  rich  in  EBthtrta^  and  coatuDin;  xeoiaiiM  of 
Plants,  Ganoid  Fishes,  and  Reptiles  {Braek^cpt  laUeepa,  Owen). 

These  beds  Mr.  Hislop  thinks  to  be  of  the  same  age  as  those  of  Nag* 
pur  and  Chanda.  Still  further  S.  (170  miles  from  Nairpur),  at  Kotil, 
there  are  (under  thick  sandstones)  limestones  and  shales,  containing 
fishes  of  the  genera  jEchmodus  and  Lepldohts^  Teleosauriaii  remains, 
Coprolites,  fossil  Insects,  Cj/pricUc,  utid  EstheruB^  with  obscure  plant- 
femaini.  These  heda  are  also  regarded  by  the  author  as  eqiii<- 
valent  in  age  to  the  plant-bearing  eandstoneB  of  Nagpor  \  whilst  tho 
sandstone  above  them  may  be  equal  to  the  sandstone  of  the  Mah^ 
dewas  ;  and  the  red  clay  beneath  them  may  be  the  same  as  that  of 
Maledi  30  miles  off  (to  the  N.E.),  where  CeraidKi  teeth  and  Go» 
prolites  have  been  found  in  abundance.  • 

Mr.  Hislop  then  compared  in  detail,  1.  the  fossil  flora  of  the  coal- 
fields of  New  bouth  Wales  with  that  of  Central  India;  2.  the  fossil 
plants  of  Western  Bengal  with  those  of  Central  India;  and  3.  the 
fiMsH  finma  of  these  two  regions ;  and  came  to  the  condnsioti  tfaat^ 
on  the  whole,  they  probably  repvesent  ti^e  Jurassic  (or  possibly  the 
TViasaie)  period,— at  all  events  some  portion  of  the  Lower  Mescnoie 
epoch. 

3.  "  On  the  Geological  Age  of  the  Coal-bearing  Rocks  of  New , 
South  Wales."    By  the  Rev.  W.  B.  Clarke,  F.G.S. 

The  author  first  referred  to  his  report,  in  1847,  of  the  occurrence  of 

Lepidoffenrfron,  Sff/illnria,  nndSfi^ninrin  in  the  coal-field*  of  Australia; 
and  advanctd  proofs  of  the  occurrence  of  Lepidodendron  {Pachy' 
phlixus  0),  Goeppert)  over  a  region  extending  from  23°  to  37°  S, 
Int.,  and  at  least  1000  miles  long.  After  some  observations  on  the 
association  of  Carboniferous  and  Devonian  fussik  with  tlie  coal-beds 
of  Australia  and  Tkvmania,  Mr.  Clarke  stated  that  in  1859,  at  Stony 
Creek,  near  Maittand,  Mr.  B.  Russell,  having  sunk  two  pits  in  search 
cf  coal,  found  four  or  five  coal-seams  lying  between  beds  containing 
Pachydomi,  Spiri/eri,  Orthoceraiites,  Convlaria,  &c. ;  and  beneath 
them  a  shale  containinf;;  N(rgger(ithia,  Giossopteris,  Cyclopten's^  &c. 
From  thi?  and  other  evidence  the  author  is  induced  to  btlieve  that 
the  beds  are  of  palaeozoic  age,  in  spite  of  the  Jurassic  "  appearance 
of  the  plant-remains. 

4.  **  On  some  Reptilian  lleraahis  from  North*wefttern  Bengal.'* 
By  Prof.  T.  H.  Hujilty,  1  .U.S..  Sec.G.S. 

Some  bones,  found  by  Mr.  Blauford  in  the  uppermost  portion  of 
the  "  Lower  Damuda  "  group  of  strata  in  the  Ranigunj  coal-field, 
and  form  arded  to  the  author  by  Professor  Oldham*  baTC  proved  to  be* 
long  to  Labyrinthodont  Amphibia  and  Dicynodont  KeptileSt  hereby 
affording  new  and  interesting  links  with  the  fossil  fauna  of  the 
Karoo-beds  of  South  Africa,  and  largely  increasing  the  probability 
that  the  rocks  in  which  they  were  found  are  of  Triasaic,  or  perhaps 
Permian,  age. 

'  April  10. — Sir  U.  1.  Murchi«on«  V.^O.S.,  in  the  Chair.  • 
The  following  communications  were  read  : — 
1.  "  On  the  Geology  of  the  Country  between  Lake  Superior  and 
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the  Fuiic  Ocean  (between  48°  and  55°  parallels  of  latitude),  ex- 
plored by  the  Government  Exploring  Expedition  under  the  commaiul* 
of  Cfiptain  J.  Palliser  (1857-60).*'    By  James  Hector.  MJO.  Cooi- 
municated  by  Sir  R.  1.  Murchisoa,  V.P.G.S. 

-  This  paper  gave  the  geological  results  of  three  years*  exploration 
of  the  British  Territories  in  North  America  along  the  frontier- line 
of  tiie  United  Stiliea,  and  weitwurd  from  lAke  Sapefior  to  theFidfie 
Ooeen. 

-  It  began  by  showing  that  the  central  portion  of  North  America  ia 

a  great  triangular  plntcnn,  bounded  by  the  Rocky  Mountains*, 
AUeghanie?,  and  Laurcntian  axis,  stretching  from  Canada  to  theArctic 
Ocean,  and  divided  into  two  slopes  by  a  watershed  that  nearly  follows 
the  political  boundary-line,  and  throws  the  drainage  to  the  Gulf  of 
Mexico  and  the  Arctic  Ocean.  The  northern  part  of  this  plateau 
hee  «  do^,  frontlKi  Rocky  Movntaint  to  the  eastern  or  Lanrentiai& 
axis,  of  SIX  feet  in  the  mile^^  but  is  broken  by  steppes,  which  exhibit 
lines  of  anoient  denudation  at  three  different  levels  :  the  lowest  is 
of  freshwater  oric^n  ;  t}ie  ne^^t  belon'^s  to  the  Drift- deposits  ;  nndthe 
highest  is  the  great  i^rairie-levei  ol  undenuded  Cretaceous  strata. 
This  plateau  has  once  been  complete  to  the  eastern  axis,  but  i«  now 
incomplete  along  its  eastern  edge,  the  soft  strata  having  been  removed 
in  the  region  of  l^die  Winipeg. 

The  eastern  axis  sends  off  a  spur  that  encirdes  the  west  shore  of 
Lake  Superior,  and  is  composed  of  metamorphic  rocks  and  granite 
of  the  Laurentian  Series,  To  the  west  of  this  follows  a  belt  where 
the  floor  of  the  plateau  is  exposed,  consisting  of  Lower  Silurian  and 
Devonian  rocks.  On  these  rest  Cretaceous  strata,  which  prevail  all 
the  way  to  the  Rocky  Mountains,  overlain  here  and  there  by  de* 
tadied  tertiary  basins. 

The  Rocky  Mountains  are  composed  of  Carbonilerous  and  Dero- 
nian  limestones,  with  massiYe  qnartzites  and  conglomerates,  followed 
to  the  west  by  a  granitic  tract  which  occupies  the  bottom  of  the 
great  valley  between  the  Rocky  and  the  Cascade  Mountains.  The 
Cascade  chain  ia  volcanic,  but  the  volcanos  arc  now  inactive  ;  to  the 
west  ot  it,  along  the  Pacific  coast,  Cretaceous  and  Tertiary  strata 
prevail.  The  description  of  these  rocks  was  given  with  considerable 
detail,  on  account  of  their  containing  a  lignite  which  for  the  first 
time  has  been  determined  to  be  of  Cretaceous  age.  This  lignite, 
which  is  of  very  superior  quality,  has  been  workA  for  some  years 
past  by  the  Hudson  Bay  Company,  and  is  in  great  demand  for  the 
steam-navy  of  tlie  Pacific  station,  and  for  the  manufacture  of  gas. 
Extensive  lignite-deposits  in  the  Prairie  were  also  alluded  to ;  and, 
like  those  above  mentioned,  were  considered  to  be  of  Cretaceous  age  ; 
but,  besides  these,  there  are  also  lignites  of  the  Tertiary  period. 

The  general  coneluskm  was  that  the  exbCenoe  of  a  supply  of  fuel 
in  the  blands  of  Formosa  and  Japan,  in  Vaneouter*s  Island,  in  Ae 
Cretaceous  strata  of  the  western  shores  of  the  Pacific,  but  principally 
within  the  British  territory,  and  in  the  plains  along  the  Saslmtchewan. 
will  exercise  a  most  important  influence  in  considering  the  practicn- 
bility  of  a  route  to  our  P^a^tern  possessions  through  the  Caoadas^ 
the  Frairiesi  and  British  Columbia,  v 
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r-  fi.  '*  On  Blev«ti€iw  wid  ]>epretiioiw  of  tiie  BHth  in  Nmlii 
America."  By  Br.  A.  Gcner.  F.G.8. 

After  some  observations  on  the  differences  between  rolcanie  uplifts 

of  the  land  and  the  ?low  upward  and  downward  ahiftingc  produced 
by  changes  in  the  jiosition  of  great  parallel  areas  during  long  periods 
of  time,  the  author  proceeds  to  enumerate  evidence  of  local  eleva- 
tion and  subsidence  that  he  has  observed  along  the  coast  from  the 
aorthcni  ptrt  of  Labrador  to  New  Jersey. 

In  the  Mutb^astem  part  of  New  Jeney,  at  Nantucket,  Martlia'a 
Vineyard,  and  Portland,  submergence  of  the  land  ia  proceeding, 
locally  at  the  rate  of  probably  four  feet  in  ?ixty  years.  In  New 
Brunswick,  at  St.  John's  the  land  has  been  elevated ;  at  the  Great 
Manan  IsUnd  and  the  Great  l  antaman  Marsh  there  has  been  sub- 
ttdence.  At  Bathurst  and  on  the  opposite  coast  of  Lower  Canada 
tiie  land  seems  to  be  rising.  In  Nova  Scotia,  near  the  Bay  of  Fundy 
and  Minea  Beain  theie  la  apbadence ;  on  tfaeeoofhem  side,  however, 
tibere  are  signs  of  elevatioii.  The  sea  rapidly  encroaches  apoa 
Loiibbwg  ia  Cape  Breton  ;  and  in  Prince  Edward'a  lelaiid,  also,  at 
Caacompec,  tabneigcnee  of  the  land  is  taking  place. 

LXXIX.  IfUeUiffenee  and  MisceUaneom  Ariidei, 

ON  THS  THEORY  OW  GTUNDBICAL  CONDENSERS. 
BT  M.  /.  M.  OAVOAIN. 

I HAVE  in  a  former  note*  called  attention  to  the  fact  that  it  is  very 
difficult  to  analyse  thei^enomena  of  condeniaation  produced  in 
aabmarine  tel^prapUb  cables,  the  gutta  percha  which  envelopea  titem 
being  only  imperfectly  non-conducting,  so  that  there  is  at  one  and  the 
same  time  propagation  by  conductibility  and  condensation.  To  study 
the  latter  phenomenon  by  itself,  I  substituted  for  ^ntt^  percha  di- 
electrics, which  isolate  much  more  perfectly  ;  I  euipioyed  for  this 
purpose  gum-lac  and  air;  with  gum-lac  the  absorption  is  very  small, 
with  air  it  ts  nothing,  or  altogether  imperceptible. 

The  laws  which  I  have  aueceeded  in  establishing  are  veiy  simple, 
and  may  be  of  some  practical  utility,  since  they  alFoid  a  solution  of 
the  different  qnestions  which  relate  to  electric  condensation  in  sub- 
merged cables;  it  is,  however,  from  a  philosophical  point  ofviewUiat 
they  seem  to  be  of  the  grente'jt  interest,  since  they  confirm  in  a 
remarkable  manner  the  views  of  Faraday.  This  illustrious  physicist, 
in  a  memoir  published  in  1837  (Experimental  Researches,  Series  XI. 
No.  1820).  expressed  himself  nearly  as  followa: — "llie  power  oC 
isolating  and  that  of  conducting  are  only  two  extreme  degrees  of  the 
same  property,  and  ought  to  be  considered  as  being  of  the  same  nature 
in  any  satisfactory  mathematical  theory."  Now  it  will  be  seen  that, 
in  the  case  at  least  of  cylindrical  condensers,  the  law?  which  regulate 
the  propaeration  of  electricity  by  excitation  do  not  differ  from  those 
which  Ohm  has  established  for  propagation  by  conductibility.  The 

general  results  of  my  researches  may  be  alated  shortly  as  follows  :  

1.  When  the  internal  cylinder  ia  the  collector,  that  is  to  say,  when 
it  oomminueatea  with  the  aoniee,  and  the  exteraal  qrlinder  eommu* 
«  Coaylif  IMbff,  S8ih  Oetohar^  1860. 
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nimtet  with  die  grotind,  the  excited  charge  of  the  external  cyfindcr 

is  equal  to  the  exciting  charge  of  the  internnl  cylinder. 

2.  When  the  txU  inal  cylinder  is  the  collector,  the  excited  charge 
of  the  inteniHl  cyliiuier  is  precisely  the  same  as  it  would  have  heea 
if  It  Uad  b€eo  put  in  direct  communication  with  the  same  source. 

3.  Wbeu  tbc  external  cylinder  u  the  collector,  iti  charge  mayb^ 
ooDsidered  as  conabtitig  of  two  pert8»  one  of  wUch  it  equal  to  the 
Kt^ed  charge  of  the  internal  cylinder,  the  other  representing  the 
quantity  of  electricity  whicli  the  external  cylinder  would  take  up  by 
itaelf  under  the  influence  only  of  the  medium  in  which  it  is  placed. 

Tlie  latter  law  enables  us  to  iurtsee  what  would  happen  in  the  case 
of  a  condenser  formed  of  three  concentric  cylinders.  Tlie  charge 
which  the  middle  cylinder  woald  take  up  when  put  in  commu* 
iiieatioii  with  the  aource,  the  other  two  being  conneeted  with  the 
ground,  mmt  be  equal  to  the  charge  which  would  be  excited  in  it  by 
the  two  other  cylinders.  I  have  fonad  by  experiment  that  this  in 
really  the  case. 

It  follows  that  condensers  arran2:cd  in  a  ?piral  form,  may  serve  to 
collect  in  a  small  volume  a  large  quantity  of  electricity. 

4.  If  we  agree  to  call  by  the  name  of  resistance  to  excitation  a 
quantity  inversely  proportional  to  the  charge  received  by  either 
armature,  when  the  tension  of  the  internal  cylinder  is  maintained 
at  unity,  and  that  of  the  external  cylinder  at  zero,  theu  this  resiafe- 
aneet  which  I  shall  call  p,  is  expressed  by  the  formula 

log  S, 

R  and  r  representing  the  respective  radii  of  the  external  and  internal 
cylinders,  and  k  being  a  constant  which  depends  on  the  inductive 
capacity  of  the  dielectric,  and  on  the  length  of  the  cylinder  em- 
ployed. 

This  formula  is  remarkable,  since  it  might  have  been  deduced  d 
priori  from  the  ordinary  theory  of  propagation  by  conductibility. 
Suppose,  in  fncf,  that  the  ?ub«-tnnce  which  separates  the  two  cylin- 
drical armatures  of  the  rniKii  n!»ers  posse^.'-c^  a  ce  rtain  conductibility, 
and  let  us  call  by  the  name  of  resistance  to  conductibility,  a  quantity 
inversely  proportional  to  the  amount  of  electricity  which,  in  a  unit 
of  time»  traverMs  the  annular  space  between  the  two  cylinders,  the 
tension  of  the  internal  cylinder  being  maintained  at  unity*  that  of 
the  external  cylinder  at  nothing  This  resistance  to  conductibHittf 
may  be  calculated  nccording  to  the  principles  established  by  Ohm, 
and  it  will  be  found  that  it  is  expressed  by  the  same  formula  as  the 
resistance  to  excitation.  To  pass  from  one  formula  to  the  other,  it  is 
only  necessary  tu  change  the  meaning  of  k.  We  may  say  therefore 
that  the  same  theory,  that  namely  Ohm,  regulates  propagation  by 
excitation  and  proj)agation  by  conductibility,  at  least  when  we  con* 
fine  ourselves  to  the  consideration  of  spaces  bounded  by  concentric 
cylinders*  I  proi)ose  to  verify  this  principle  under  othei  circum* 
stnnce«,  nnd  cspcciRllv  in  the  case  of  spherical  condensers,— CnN|ile« 
Rendus,  Feb.  16th,  1661. 
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ON  THE  PRODUCTION  OV  OBAPHITB  BT  TBI  DBCOMPOSIT10N  OP 
CYAMOGSN  COkPOmiira.     BT  ttB.  7.  FAVLI. 

The  mokher-liquon  ol>tained  from  the  erspontion  of  a  toltition  of 
the  so-called  black  «sh  are  now  commerciuly  worked  for  cauttk 
•Ikeli.   These  liquors  contain  the  following  eompoitnde:  — 

1.  Chief! V  hvdrntc  of  soda. 

2.  Some  quantity  of  carbonate  of  sodu. 

3.  Several  sulphur  compounds  of  sodium  :  viz.  sulphide  of  sodium* 
hyposulphite  of  soda,  sulphite  of  soda,  and  sulphate  of  aoda. 

4.  Sulphide  of  iron  held  in  solation  hy  the  sulphide  of  lodiom. 

5.  Chloride  of  eodinm. 

6.  Sereral  cyanogen  eomponnds  of  aodiom,  and  especially  foxro* 

cyanide  of  sodium. 

The?e  liquors  nre  ev^porntcd  in  Inrge  cn?Niron  pot«,  and  in  order 
to  destroy  or  oxidize  the  sulj)hides  of  sodium  and  iron,  as  also  the 
cyanogen  compounds,  an  equivalent  quantity  of  8oda-?altpctre  is 
ulded.    All  tiie  oxidable  sulphur  compounds,  together  with  the 
tmali  quantity  of  nilphide  of  iron*  are  dianged  to  sulphate  of  soda 
and  peroxide  of  iron  hy  the  nitrate  of  soda  in  the  boiling  liquor,  at  a 
•temperature  not  below  260^  to  270^  F.   The  cyanogen  compounds, 
on  the  other  hand,  ore  not  decomposed  by  the  nitre  until  the 
liquor  beg'ins  to  pas?  from  the  wntory  into  the  dry  fusion,  and  the 
uncornbiued  water  of  the  h^'drate  of  soda  has  been  driven  off.  When 
the  whole  mass  of  alkali  ( ij^enerally  about  four  toiis)  reaches  a  low  red 
heat,  a  regular  evolution  of       is  observed ;  this  is  evidently  owing 
to  the  oxygen  produced  by  the  decomposition  of  the  nitrate,  and  to 
the  nitrogen  from  the  decomposition  of  the  cyanides ;  at  the  same 
time  a  plentiful  liberation  of  graphite  is  obserred,  covering  tiie  whole 
surface  of  the  liquor  with  a  bright  layer  of  graphite.    This  liberation 
of  graphite  is  still  more  plainly  seen  if  no  nitre  be  added  to  the  liquor 
at  first,  or  only  so  much  as  is  sufficient  to  oxidize  the  ?ulphur  com- 
pounds :  but  if  a  few  pounds  of  nitrate  of  soda  be  added  when  the 
water  has  been  driven  off.  and  the  mass  is  allowed  to  become  red-hot, 
a  violent  reaction  takes  place,  and  a  large  quantity  of  graphite  is  set 
free.   This  sudden  liberation  of  graphite  proves  that  this  substance 
cannot  be  derived  from  the  cast  iron  of  the  pot  in  which  the  fusion 
is  made.    So  violent  is  the  evolution  of  gas,  that  a  complete  cloud 
of  fine  prtrticle?  of  caustic  soda  if  carried  up  into  the  air,  rendering 
it  almost  iraposiriblo  to  remain  in  the  neighbourhood  of  the  operation. 
In  this  way  all  tiie  cyanogen  compounds  are  completely  decomposed, 
the  iron  in  the  ferrocyanide  of  sodium  becomes  peroxide,  and  in  a 
few^urs  foils  to  the  bottom  of  the  pot.   If  the  rigfht  quantity  of 
saltpetre  has  been  added,  a  colourless  mass  of  fused  caustic  soda 
remains;  but  if  too  large  an  amount  of  nitre  has  been  added,  the 
liquor  becomes  coloured  depp  jrreen,  owing  to  the  formation  of  man- 
ganate  of  soda.    It  is  remarkable  that,  in  the  absence  of  nitrate  of 
soda,  the  cvanog'en  compound^  act  reducinf^ly  upon  the  suljdiidc 
of  sodium ;  this  is  seen  from  the  fact  that  a  portion  of  the  goda-lye, 

which  gives  no  sulphide  reaetion  with  a  lead  salt,  produces  a  black* 
ening  &er  the  caustic  alkali  has  been  heated  to  lednesa* 
The  graphite  may  be  skimmed  off  the  enifoee  of  thefvaed  Bfikali; 
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fad  when  wished  wiHi  imter  and  hydrochloric  scid,  it  appem  in 

the  form  of  an  extremely  fine  bright  powder.  If  allowed  to  ?wim 
on  the  top  of  the  almost  red-hot  fused  soda,  the  graphite  is  oxidized 
gradually,  and  after  the  lapse  of  about  three  or  four  hour^:  it  ait<>- 
gether  disappears.  Heated  in  a  platinum  crucible  by  itself  it  is  !%■ 
combustible ;  but  it  generally  contains  small  particles  of  chanotl 
Bkixed  with  it,  and  these  undergo  oxidation. 

The  tenpentltre  at  which  this  evolution  of  gmphite  takes  place  is 
« ttrf  low  on^  compared  with  that  at  which  graphite  ia  liberated 
from  cast  iron  ;  for  a  thin  iron  wire  can  -rarcely  belMOttght  tO  n 
visible  red  heal  by  dipping  it  into  the  fused  alkali. 

From  this  j  eculiar  decomposition  it  would  appear  tliut  \vc  have 
good  reason  to  assume  that  the  carbon  coutaiued  in  C)  auogen  is  pr§- 
jMnt  in  the  graphite  modification ;  lor  if  thia  be  not  the  eaae,  how  ia 
lit  that  the  eaaily  combustible  chareoal  can  witfaatand  the  otidifing 
iction  of  the  saltpetre*  whibt  none  of  the  iron  ef  the  fenoeyanide  qf 
aodium  is  reduced  to  the  metallic  atate. 

♦ 

It  ha?,  beside?,  been  lately  shown  by  M.  Caron,  that  the  forma- 
tion of  ^tcei,  t.  e.  the  combination  of  iron  with  carbon  \  n  the  i^rajjhite 
modification,  can  only  take  ])lace  in  presence  of  cyanogen  eoinjjuimds, 
and  that  uu  carbon  whatever  is  taken  up  by  the  iron  when  tins  metal 
ia  heated  with  other  carboniferous  gasea«  Tlie  mode  of  prodwstioii 
of  graphite  noticed  in  this  oommunicatbn  appeaza  to  be  an  inteime- 
diate  reaction  between  that  from  the  carbide  of  iron  and  from  tbe 
nitride  of  carbon. 

As  in  the  process  of  cementation  it  is  seen  that  the  carbon  of  the 
cyanogen  is  taken  up  by  the  iron  without  being  set  free,  so  this  re- 
action proves  that  cyanogen  can  be  split  up  into  its  constituent  parts 
without  either  of  them  combining  with  a  third  budy. 

Be^pveti  asaerta  that  the  carbonisation  of  iron  ia  always  preceded 
.by  a  eombinalion  of  thia  metal  with  nitrogen,  a  prooeaa  which  makea 
.  it  porous  and  ntore  fit  for  nniting  with  carbon.  The  correctnesa  of  thie 
supposition  has,  however, become  rather  doubtful,  by  Caron 's  recently 
published  experiments  (Compffs  Rmdus,  Nos.  15  and  2-1,  1860). 

To  conclude,  1  beg  to  say  suuie  words  about  the  formation  of 
native  graphite ;  1  do  not  think  that  this  body  has  been  formed  from 
coal  or  diamond,  but  I  rather  believe  it  has  been  separated  out  of 
carbon  componnda  aa  graphite,  by  prooeaaea  periiapa  analogous  to 
thoae  above  deaeiibed.— fVecw  MmicketUr  PkU.  8oe.,  April  16, 1861. 


ON  ELECTEICAL  PARTIAL  D18CHAK0ES.     BT  P.  KIE88. 

To  the  Editors     tkt  PAiiotophieal  MmgWM  tmd  Jouniai, 

Gentlemen, 

Professor  Uijke  has  met  T.vith  a  difficulty  in  the  explanation  of 
Wheatstone's  experiments  on  the  discharge  of  a  Leydeu  jar»  and  has 
\  himaelf  tnatitttted  ezperimftnta**  from  which  it  aeems  that  more  dee* 
tridty  remaina  on  a  conductor  when  it  is  dischaiged  through  a  wet 
atring  than  when  it  is  discharged  througb  a  metallie  wire. 

I  do  not  think  that  this  difiiculty  exists,  nor  that  these  experiments 
have  any  daim  to  novelty.  Twenty  years  ago  I  showed  that  when 

 ^nSL'lfag.  fitt'May,  p,966^.  •  •  " 
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»  batUf7  it  difcbaiged  through  a  column  of  water,  tbree-eig|ktb»  flj^ 
the  charge  remaaa  on  the  battery,  but  that  two- thirteenths  remain 

when  the  discharge  is  effected  throus^h  a  metallic  wire  ;  and  from 
this  I  concluded  that  the  electricity  of  the  battery  is  tiischargcd  in  a 
successive  manner  (Pogg.  Ann.  vol.  liii.  p.  14.  *'  Lehre  von  der  Kei- 
bungselectricita^"  §  634). 

Since  then  I  have  always  assumed  th«t  the  ij^l^  accompanying 
the  diaehaige  cooaists  of  several  sparks ;  and  the  oiaeharge  of  an  elec^ 
tiified  body,  of  sevoil  individual  discharges,  ^hich  I  liave  caUed  par* 
iial  discharges.  By  thu  assumption  Whcatstone's  and  many  other 
electrieal  experiments  have  become  capable  of  explanation. 

I  am,  Gentlemen, 

Yours  truly, 

Berhn,  May  10, 1&6L  P.  Risft^. 

'  ON  THE  FREEZING  OF  WATEE  AND  THB  FORMATION  OF  HALL. 

Wheu  water  is  preserved  from  contact  with  MA  bodies  by  placing 
It  in  a  raizture  which  has  the  same  density,  and  which  does  not  form 
aqueous  mixtures,  its  congelation  may  be  materially  retarded.  Water 
placed  in  a  mixture  of  chloroform  and  oil  (the  best  is  oil  of  sweet 

almonds)  takes  the  form  of  perfect  globules,  and  remain?  at  rest  in 
the  interior  of  tlic  mixture.  If  this  mixture  be  cooled,  the  water  in 
this  condition  scarcely  ever  freezes  at  0°  C. ;  its  temperature  sinks 
to  — 6°,  — 10  before  tiiia  ciiauge  takes  place.  Globules  have  in  this 
way  been  even  reduced  to  —  2(r  while  still  liquid. 

The  iflobules  either  change  into  globules  of  ice,  or  they  simply 
freeze  on  the  surfitee,  accordimg  to  their  dimensions  and  the  diminu- 
tion of  temperature.  They  persist  in  the  liquid  state  with  remark* 
able  stability.  In  this  mixture  of  chloroform  and  oil  they  may  be 
shaken,  and  foreign  bodies  introduced,  without  solidifying  ;  but  soli- 
dification immediately  ensues  when  they  are  touched  with  a  piece  of 
ice.  The  discharge  of  a  Leyden  jar  or  a  galvanic  current  may  tra- 
verse these  globules  without  their  solidifying ;  but  the  powerful  dis- 
charge  of  a  Ruhmkorff'a  coil  causes  their  immediate  aolidiiicatioii^  . 

when  an  ice-spheride  formed  in  the  mixture  of  chloroform  mid 
oil  is  surrounded  by  other  spheres  which  still  remain  liquid,  the  con* 
gelation  of  the  latter  may  be  effected  by  bringing  them  in  contact 
witli  the  first.  Different  effects  are  obtained  according  to  the  tem- 
perature and  dimensions  of  the  globules.  Sometimes  (with  small 
globules  and  low  temperatures)  the  spheres  touched  solidify  suddenly, 
and  remain  separate;  sometimes  (with  larger  globules  and  some* 
what  higher  temperatures)  they  coalesce  more  or  less  completely ; 
they  stretch  out  on  each  other  at  the  moment  of  soUdificadoa.  ^  In 
thbway  pieces  of  ice  of  the  most  varied  shapes  may  be  obtained — ^irre* 
gular  spheres  formed  of  concentric  layers  (each  layer  consisting  of  a 
globule  which  enveloped  the  nucleus  at  the  moment  of  its  forma* 
tion),  spheres  with  protuberances.  &c.  Tliese  varied  forms  would 
have  but  a  subordinate  interest,  if  they  did  not  recall  the  concentric 
zones  aud  the  irregular  shapes  observed  in  hailstones.  This  resem- 
blance is  evident  in  these  experimeuts ;  and  xkt  questiun  uaturaliy 
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wifes  wlietiier  haflftonet  are  not  fcnrmed  under  ■inilar  circttflMtMiees. 

In  a  memoir  which  I  thall  publish  in  the  BibHotitpu  UtUverseUe,  I 
Cinaine  this  tfnalogy  more  closely,  and  endeavour  to  show  that  it  is 

not  superficial,  but  extend?  into  numerou-  details.  1  attempt  to  show 
tiiat  thiv  particular  case  of  freezing  gives  u  suitable  explanation  of 
the  general  phenomena,  as  well  as  of  the  accidental  peculiarities  of 
hailstones :  I  attempt  to  show  that  these  aqueous  globules  may  also 
be  eooled  below  0°  in  the  atmosphere ;  that  thejr  can  then  freeie  and 
Unite  jnst  as  in  the  mixture  of  chloroform  and  oU,  and  that  the  grains 
of  ice  thus  fonned,  increased  by  the  condensation  of  atmospheric 
▼apour  on  their  suiface,  may  be  hailstones.-^CSMiyilev  MndWt 
April  15»  1861. 


ON  AN  AI'PARATLa  l«lK  EXPERIMENTS  ON  KESPIKATIOK  AND 
PERSFiRATION  IN  THE  FHYSIOLOQICAL  INSTITUTE  AT  MUNICH. 
BY  PROFESSOR  PETTENKOFER. 

In  order  to  determine  the  quantities  of  carbonic  acid  and  of  water 
which  are  eliminated  through  the  skin  and  lungs,  numerous  methoda 
have  been  proposed,  and  the  processes  and  results  of  Scharling-, 
Vierordt,  Valentin  and  Brunner,  Regnault  and  Keiset,  Smith,  and 
others,  are  well  known  to  every  physiologist  and  chemist.  The 
objections  to  all  previous  methods  are  of  two  Mnds  :  fir?t,  that  the 
accuracy  of  the  method  cannot  be  determined  by  control  experiments 
with  known  quantities  of  carbonic  acid ;  and  second,  that  the  men 
and  animals  were  compelled  to  breathe,  in  these  experiments,  under 
more  or  less  unusual  and  burdensome,  and  therefore  unnatund  con- 
ditions. The  experiments  of  Biselioff  and  Voit  on  the  food  of  car- 
nivora  have  further  shown  that  the  carbonic  acid  eliminated  by  the 
lungs  and  ^kin,  crinnot  be  obtained  by  taking  the  difference  between 
that  administered  as  food,  and  that  secreted  in  the  urine  and  fajces, 
aHo^inp^  for  tlie  difference  in  weight  of  the  body;  because  two  uq- 
knovv'u  quantities  of  carbonic  acid  and  water  are  eliminated  from  the 
lungs  simultaneously,  and  in  varying  quantiiies.  As  it  was  necea- 
lary  to  determine  directly  at  least  one  of  these  magnitudes,  the 
aildior  endeavoured  to  construct  an  apparatus  by  which  a  constant 
current  of  air  could  be  passed  over  a  man,  and  the  increase  of  car* 
bonic  acid  and  water  of  this  air  determined. 

Pettenkoh  I 's  apparatus  consists  of  a  small  sheet-iron  chamber 
(which  will  be  called  the  saloon)  8  Bavarian  feet  in  every  dimension, 
with  an  iron  door,  a  ligiiL  at  the  tup,  and  windows  at  the  sides. 
The  windows  were  cemented,  and  Uie  sides  and  cover  riveted 
as  air-tight  as  possible.  The  door  had  moveable  openings  in  order 
to  ensure  access  of  air  at  other  points  besides  the  joints  of  the  door. 
On  the  side  opposite  to  the  door  there  are  two  apertures,  one 
below  and  the  other  above,  which,  by  means  of  two  tubings,  are  con- 
nected with  a  single  wide  tube  outside,  in  which  the  air  flows  towards 
that  jiart  of  the  apparatus  which  serves  as  an  aspirator.  This  piece 
of  the  apparatus,  which  is  placed  in  a  different  part  of  the  house,  con* 
rists  of  two  suction  cylinders  with  valves,  which  can  be  uniformly 
hoiked  to  the  same  height  of  stroke  by  means  of  a  powerful  clock* 
Irak  motioiu  The  weighrof  the  ctockwork it  continiMlly  niiedia 
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proportion  «■  it  moHa,  and  in  tihis  way  it  obtMMd  a  continuoiiB  cor- 
rent  of  air  tbroogh  the  cUkwi  of  the  iron  room  towaida  the  raetion 
cyltndm.  But  the  air  cannot  leadi  the  aaction  cylinder  without 

first  passing  through  a  continuously  acting  measuring  apparatua* 

For  this  purpose  the  author  selected  n  large  gas-meter,  of  such  dimen- 
sions that  '6000  Eogliflh  cubic  feet  could  be  measured  with  it  in  an 
hour. 

In  order  to  iuvestigate  a  portion  of  the  air  entering  by  the  aper- 
tnrei  in  the  door  and  any  accidental  leakages  in  the  apparatus, 
aa  well  aa  of  the  aur  flowing^  towards  the  gas-meter,  and  to  ca2e»- 
late  from  the  observed  difference  in  the  proportion  of  water  and  cao^ 
bonie  acid  tiie  quantitiea  which  had  entered  from  the  appaiatiis» 
there  are  two  aspirators,  each  of  which  simultaneously  withdraws  an 
equal  quantity  of  air.  The  water  of  the  air  h  absorbed  by  sulphuric 
acid  and  weighed,  and  the  carbonic  acid  is  determined  by  allowing 
the  air  to  pass  in  fine  bubbles  tlirouc;]!  a  determinate  quantity  of 
lime-water  oi  kiiuwu  slieugth,  and  the  strength  of  tiic  iiine-water 
finally  deCeimined  by  means  of  dilute  onlie  aoid« 

In  order  to  take  a  specimen  of  the  air  remaining  in  the  salooii.  a 
forcing  and  suction  pump  is  connected  with  the  outlet  pipe,  by  whieb 
flasks  holding  6  or  8  litres  may  be  filled  with  air,  and  the  quantltj 
of  carbonic  acid  determined  by  means  of  lime-water.  The  «ame 
pump  serves  to  determine  at  anv  time  the  variations  in  the  carbonic 
acid  during  the  pros^re?«  of  an  exj^eriment.  'i'here  is  an  arrangement 
by  which  test-quantitiea  of  any  amount  may  be  taken  out  without 
causing  any  loss  iii  measuring  the  whole  current.  For  this  purpose 
a  fisslc  is  connected  aur*tight  with  the  pump,  and  by  continnoiia 
pumping  its  air  Is  completdy  replaoed  by  air  from  the  outlet  pipe. 
The  air  prassed  out  of  the  fiask  is  not  allowed  to  escape,  but  is 
passed  by  means  of  a  caoutchouc  tube  into  the  current  which  goes  to 
the  G:a?-raeter ;  of  course,  in  a  placo  whcfe  it  Cannot  affect  the  deter- 
minatiou^^  of  carbonic  acid. 

In  orclL  r  that  the  air-current  may  take  no  water  from  the  large  gas- 
meter  by  evaporation,  the  air  before  entering  the  gas-meter  first 
passes  through  an  upright  cylinder  Med  with  pieces  of  pumice  kept 
moist. 

Where  the  air  issues  ftom  this  apparaftDs»  there  is  in  the  tube  a 

psychrometer,  in  order  to  measure  tiie  temperature  and  moisture  of 
the  air  which  passes  into  the  gas-meter.  In  the  tube  which  leads  to 
the  moistening  apparatus  there  is  a  psychrometert  and  several  tubes 
for  taking  out  specimens  of  air,  &c. 

The  apparatus  lias  been  examined  since  i\Iay  bast  in  every  parti- 
cular, aiid  tlie  author  recoaiiucndB  theniethuda  of  investigation  as  in 
every  way  convenient.  It  was  above  all  important  to  prove  that  the 
carbonic  acid  disengaged  in  the  saloon  could  actually  be  found  again 
and  determined — a  control  which  has  been  omitted  in  all  previous 
experimsnts  on  respiration.  After  the  author,  by  numerous  eiperi- 
ments,  liad  investigated  all  the  influences  of  the  apparatus  and  of 
the  methods  on  the  accuracy  of  the  results,  he  took  a  stearine  candle 
and  determined  its  carbon  bv  ek  meutarv  analysis.  When  the  sue* 
PML  Mag.  S.  4.  No.  14a.  iSu^ipL  Vol  21.  2  N 
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tion  cylinders  of  the  ftppentus,  end  einroltaneoiisljr  the  apparittie  for 
anaiyrit  of  the  air,  were  at  work»  a  weighed  candle  was  lighted  In 
the  laloon  from  Mrithout,  and,  before  the  cxpertmeat  terminated* 

again  extinguished  from  without  and  weighed. 

ITie  carbonic  ncid  formed  hy  combustion  of  the  candle  must  be 
partially  contained  in  the  air  %v}i5cli  liad  ])a^^(?d  throuL'li  the  lar^e 
gas-meter,  and  partly  in  that  contained  in  the  saloon.  'I  he  carbonic 
acid  in  the  air  which  had  passed  through  the  gas-meter  wat  deler- 
miDed  hy  allowing  a  continually  equal  proportion  (about  100  enbic 
centime,  in  a  minute)  of  the  current  from  the  saloon  to  the  gas-meter 
to  bubble  through  lime-water.  The  carbonic  acid  of  the  air  remain- 
ing in  the  saloon  was  determined,  after  mixing  the  different  layers 
of  air  well  together,  l)y  tilling  two  or  three  vepscls  of  fi  to  S  litres 
capacity,  deternuning  by  lime-water,  and  calculating  this  uj)on  the 
known  cajiacity  of  the  saloon.  It  is  only  after  these  flasks  have  been 
filled  that  the  laloon  may  he  entered  to  take  out  the  candle  and 
wei{^  it. 

Since  the  air  which  passed  into  the  gas-meter,  and  that  which 
remains  in  the  saloon,  contained  not  only  the  carbonic  acid  formed 

in  the  experiment,  but  that  already  contained  in  the  air  a<5  it  ]>a««ed 
into  the  saloon,  the  quantity  of  the  carbonic  acid  of  the  air  entering 
must  be  subtracted.  This  is  obtained  from  the  experiment  where 
the  air  which  enters  is  withdrawu  and  investigated  in  just  the  sauie 
manner  and  the  tame  quantity  as  the  emergent  air.  In  this  way  the 
difference  in  the  (quantity  of  carbonic  acid  inside  and  outude  is  de* 
termined;  and  this  ensures  the  exactitude  of  the  determinations* 
because  all  constant  errors  of  the  method  are  thereby  eliminated.  Of 
course  all  the  measurements  are  made  with  allowances  for  the  ten* 
f'ion  of  aqueous  vapour,  of  temperature,  and  pressure  of  the  atmo- 
sphere. 

The  auUiur  adduces  some  experiments  which  he  made  with  stea« 
fine  candles,  and  states  his  reasons  for  bdieving  that,  during  an  ex* 
periment  in  which  more  than  four-fifths  of  the  disengaged  carbonic 
acid  pass  into  the  current  between  the  saloon  and  the  gas-meter,  no 
greater  errors  than  at  most  1  or  3  per  cent,  are  to  be  feared.  Inas- 
much as  the  duration  of  experiments  with  men  and  animals  can  be 
extended  to  twelve  or  twenty-four  hours,  it  is  to  be  hoped  that  even 
greater  accuracy  may  be  attained. 

Thb  is  the  first  apparatus  of  its  kind  in  which  living  is  possible 
under  normal  conditions.  Men  can  live  in  it  just  as  well  as  in  any 
well-ventilated  room,  and  can  moTC  about,  eat,  and  drink  In  the 
ordinary  manner.  By  a  moveable  window  in  the  door  of  the  saloon, 
lood  and  other  articles  can  be  sup))lied  or  taken  out— just  ae»  In  a 
small  room,  provided  the  draught  in  the  chimney  is  in  order,  a  "tore- 
door  can  t)c  opened  without  admitting  smoke.  The  observer  out- 
side the  saloon  who  has  charge  of  the  experiment  dot  -,  not  by  his 
respiration  affect  the  result  in  the  least ;  for  the  carbonic  acid  m  the 
air  passing  into  the  saloon  can  be  continually  ehedced  by  one  of 
the  control  apparatus,  and  can  be  allowed  foit^^immal  f  iir  Pirakt. 
Chmk,  Yol,  lixrii.  p.  40. 


Digitized  by  Googlc 


542 


INDEX  TO  VOL.  XXI. 


Acetylene,  researchet  on,  358. 

Alcohols,  polyglyceric,  on  the,  499. 

Allylene,  on  the  formation  and  con- 
stitution of,  3o9. 

Ammonia,  on  the  specific  gravity  of 
liquid, 

Ampere's  experiment  on  the  repulsion 

of  a  rectilinear  electrical  current  on 
itself,  on,  8L  '^L 

Autozoue,  on  the  insulation  of,  88. 

Arsenic,  on  the  presence  of,  in  the 
beds  of  rivers,  ^^Ifl- 

Atkinson's  (Dr.  E.)  chemical  notices 
from  foreign  jouruals,  120,  292, 
358,496. 

Atmosphere,  solar,  on  the  chemical 
analysis  of  the,  185. 

Balance -gal vauoineter,  on  some  re- 
sults in  electro-magnetism  obtained 
with  the,  311. 

Barometers,  on  the  temperature  cor- 
rection of  siplion-,  2(HL 

Batter>',  on  a  constant  copper-carbon, 

Beilstein  (M.)on  chlorobenzole,  299: 

on  sulipentne,  3(33. 
Benzole  series,  observations  on  the, 
176. 

Bernoulli  (M.)  on  tungsten  and  its 
alloys,  2ii2. 

Blair  (G.^  on  some  results  in  electro- 
magnetism,  311. 

Bodies,  on  the  cubical  compressibility 
of  certain,  447. 

Boiling-point  and  composition,  on  the 
relation  between,  in  organic  com- 
pounds, 227. 

Books,  new  : — To<lhunter*s  History 
of  the  Progress  of  the  Calculus  of 
Variations,  .520. 

Brewster  (Sir  D.)  on  certain  affections 
of  the  retina,  2LL 


Brodie  (Rev.  P.  B.)  on  the  distribu- 
tion of  the  corals  in  the  lias,  237. 

Broun  (J.  A.)  on  the  lunar-diumal 
variation  of  magnetic  declination  at 
the  magnetic  equator, 

Butlerow  (M.)  on  the  action  of  am- 
moniacal  gas  on  dioxymethylene, 
125. 

Butyrylc,  observations  on,  501. 
Calcium  spectrum,  on  the,  239. 
Calorimeter,  on  the  construction  of  a 

new,  4fi2. 
Cambridge    Philosophical  Society, 

proceedinp  of  the,  4f>?>. 
Campbell  (D.)  on  the  presence  of 

arsenic  and  antimony  m  the  beds 

of  rivers,  318. 
Cuuui2aro(M.)ouhomoani8ic  acid,36() 
Caoutchine,  on  the  properties  and 

composition  of,  4fi.S. 
Capillarv  attraction,  on  peculiar  forms 

of,2M. 

 infiltration  through  porous  rocks, 

researches  on,  479. 

Carbonic  acid,  on  a  new  method  of 
obtaining  solid,  495. 

Carl  (Dr.)  ou  the  galvanic  polariza- 
tion of  buried  metal  plates,  377. 

Carre  (M.)  on  the  production  of  low  , 
temperatures,  225. 

Cay  ley  (A.)  on  the  theory  of  deter- 
minants, ISO;  on  equations  of  the 
fifth  order,  210.  257;  on  the  parti- 
tions of  a  close,  424. ;  on  a  surface 
of  the  fourth  order,  491. 

Challis  (Prof  )  on  a  theory  of  mag- 
netic force,  (iOi  92i  250;  on  the 
planet  within  the  orbit  of  Mercury, 
discovered  by  M.  Lescarbault,  470; 
on  theoretical  physics,  50-4 . 

Chapman  (Prof.  E.  J.)  on  the  drift- 
deposits  of  Western  Canada,  428. 


548 


INDEX, 


Chemical  notices  from  foreign  jour- 
nals, 120,  292,  358,  m 

Chlorobcnzolc,  22iL 

Chowae  (Dr.  W.  D.)  on  the  elastic 
force  of  aoueous  vapour,  22^ 

Church  (A.  H.)  on  the  oxidation  of 
nitrobenzole  and  its  homologucs, 
176. 

Clairault's  theorem,  observations  on. 

Cockle  (J.)  on  quintics,  2D ;  on  trans- 
cendental and  algebraic  solution, 

379. 

Colour,  on  the  neutralization  of,  in 
the  mixtures  of  solutions  of  certain 

salts, 

Colours,  compound,  on  the  theory  of, 
141. 

Compass,  on  the  deviations  of  the,  on 
board  iron-built  ships,  5,31. 

Copper,  on  the  electric  conductivity 
of  pure,  2lLL 

Corals,  on  the  distribution  of  the,  in 
the  lias,  237. 

CroU  (J.)  on  the  repulsion  of  an  elec- 
trical current  on  itself,  247. 

Crookes  (W.)  on  the  opacity  of  the 
yellow  soda^flame  to  light  of  its 
own  colour,  55;  on  the  lithium 
spectrum,  79;  on  the  existence  of 
a  new  element,  301. 

Currents,  on  the  velocities  of,  L  1^*^- 

Dahlander  (Q.  R.)on  the  equiUbrium 
of  a  fluid  mass  revolvine  freely 
within  a  hollow  spheroid,  198. 

Daubrt'c  (M.)  on  capillary  iufliltration 
through  porous  substances  notwith- 
standing a  strong  counterpressure 
of  vapour,  479. 

Davy  (Prof.  E.  W.)  on  further  appli- 
cations of  the  ferrocyanide  of  pot- 
assium in  chemical  analysis,  214. 

Debray  (M.)  on  the  preparation  of 
oxygen,  295. 

Debus  (Dr.  on  the  fibrous  arrange- 
ment of  iron  and  glass  tubes,  2M. 

De  Morgan  (Prof.)  on  the  logic  of 
relntions,  473. 

Determinants,  on  the  theory  of,  180. 

Deville  (M.)  on  the  theory  of  disso- 
ciation, 202 ;  on  the  preparation  of 
oxygen,  295 ;  on  the  formation  of 
some  minerals,  496. 

Dianic  acid,  researches  on,  415. 

Dioxymethylene,  on  the  action  of  am- 
moniacal  gas  on,  125< 

Pittmar  (W.)  on  a  new  method  of 


arranging  numerical  tables,  13/  ; 
on  graphical  interpolation,  12^ 

Donaldson  (Rev.  Dr.)  on  the  origin 
and  proper  value  of  the  word  **  ar- 
gument," 469. 

Drew  (F.)  on  the  succession  of  beds 
in  the  Hastings  sand,  309. 

Drion  (M.)  on  a  new  method  of  ob- 
taining solid  carbonic  acid,  495. 

Dufour  (M.)  on  the  freezing  of  water 
and  the  formation  of  hail, 

Duprt^  (Messrs.)  on  the  e.vistence  of  a 
fourth  memberof  the  calcium  group 
of  metals,  86^  239. 

Electric  current,  on  the  repulsion  of 
an,  on  itself,  81,2^7,319. 

 currents,  on  the  apjAication  of 

the  thcorj'  of  molecular  forces  to, 

 discharge,  on  the  duration  of  the 

spark  of  an,  366,  M2. 

 endosmose,  on,  159. 

Electrical  charge,  on  a  new  electro- 
meter for  measuring  the,  452. 

Element,  on  the  existence  of  a  new, 
of  the  sulphur  group,  301. 

Ei^^tics,  ou  the  principles  of,  274. 

Equations  of  the  fifth  order,  researches 
on,  90,  gUL  25L  348.  379. 

Evans  (F.J.)  on  deviations  of  the 
compass  on  iron  ships,  53L 

Fairbaim  (W.)on  the  density  of  steam 
atall  temperatures,  andthclawof  ex- 
pansion of  superheated  steam,  231) . 

Faraday  (Prof.)  on  regelatiou,  146, 

Fermentation,  on  alcoholic,  120;  ob- 
servations on,  361. 

Ferrocyanide  of  potassium,  on  new 
applications  of,  in  chemical  ana- 
lysis, 214. 

Field  (F.)  on  the  neutralization  of 
colour  in  the  mixtures  of  solutions 
of  certain  salts,  435* 

Fittig  (M.)  on  the  oxidation  of  toluole 
bv  dilute  nitric  acid,  362. 

Fizeau  (M.  H.)  on  several  pheno- 
mena connected  with  the  polariza- 
tion of  light,  4.Sa. 

Fluor-spar,  on  the  occurrence  of  ant- 
ozone  in,  90. 

Forbes  (D.)  on  the  geologj'^of  Bolivia 
and  Southern  Peru,  154. 

Forbes  (Dr.  J.  D.)  on  Amp^*8  expe- 
riment on  the  repulsion  of  a  recti- 
linear electrical  current  on  itself. 


INDEX. 


V 

549 


Force,  on  physical  lines  of,  161,  281, 
338- 

Freund  (M.)  on  butyrjle,  501, 

Galvanic  currents,  on  a  standard  mea- 
sure of  resistance  to,  25^  107. 

 polarization   of  buried  metal 

plates,  on  the,  377' 

Gaugain  (M.)  on  the  theory  of  cylin- 
drical conductors,  5iii). 

Geikie  (A.)  on  the  altered  rocks  of 
the  western  and  central  Highlands, 
306. 

Geological  Society,  proceedings  of 
the,  154i  233,  305,  636, 

Gilbert  (Dr.  J.  HJ  on  the  sources  of 
the  nitrogen  of  vegetation,  52L 

Glass  tubes,  on  the  fibrous  arrange- 
ment of, 

Glennie  (J.  S.  S.)on  the  principles 
of  the  science  of  motion,  41 ;  on 

principles  of  energetics,  274, 350. 
Glycerine,  on  some  derivatives  of, 

22iL 

Glycolic  acid,  on  the  preparation  of. 

Gore  (G.)  on  ozone,  32(L 

Govi  (M.)  on  the  polarization  of  light 
by  diffusion,  157. 

Graphite,  on  the  production  of,  by 
the  decom{)osition  of  cyanogen 
compounds,  541. 

Gutta  pcrcha,  uu  the  insulating  pro- 
perties of,  75. 

HaiU  on  the  formation  of,  543. 

Harkness  (Prof.  R.)  on  the  geology 
of  portions  of  the  llighlaudis, 

Heat,  on  a  new  pro{K>&ition  in  the 
theory  of,  241. 

Hector  (Dr.  J.)  on  the  gcologj-  of 
the  country  between  Lake  Superior 
and  the  Pacific  Ocean,  5.^7. 

HeinU  (Dr.)  on  the  j>reparation  of 
glycolic  acid,  360. 

Helmholti  (M.j  ou  the  moCioii  of  the 
strings  of  a  violiu*  3^3. 

Hennessy  ( Prof.)  on  Clairault's  theo- 
rem, i^iL 

Hirst  (Dr.  T.  A.)  on  ripples,  and  their 
relation  to  the  velocities  of  currents, 

L  m 

Hofmann  (Dr.)  on  the  action  of  ni- 
trous acid  upon  nitcopheaylene- 
diamine,  457. 

Hopkins  (W.)  on  the  construction  of 

Huanew  calorimeter,  4S2^ 

xlcy  (Prof.)  on  a  new  sp«cic»  of 


Macrauchenia,  ih5 ;  on  PteraspU 
dunensis,  303. 

Iron  tubes,  on  the  fibrous  arrange- 
ment of,  23&. 

Isoprene,  on  the  properties  and  (im- 
position of,  4^ 

Jamiesou  (T.  F.)  on  the  geolo^cal 
structure  of  the  South-west  High- 
lands, 235^ 

Jenkin  (F.)  on  the  insulating  proper- 
ties of  gutta  percha,  76. 

Jerrard  (G.  B.)  on  quintics,  39.348. 

Jolly  (M.)  on  the  specific  gravity  of 
liquid  ammonia,  364. 

Rekul^  (M.)  on  brominated  deriva- 
tive of  succinic  acid,  L24^ 

Kirchhoff  ( Prof. )  on  the  chemical  ana- 
lysis of  the  solar  atmosphere,  185; 
on  a  new  proposition  in  the  theory 
of  heat,21L 

Kirkby  (J.  W.)  on  the  Permian  rocks 
of  the  south  of  Yorkshire,  31iL 

Kobell  (Prof.  F.  von)  on  dianic  acid* 
415. 

Kopp  (Prof.  on  the  relation  be- 
tween boiling-point  and  composi- 
tion in  oivanic  compounds,  227. 

Landolt  {M.)  on  phosphuretted  hy- 
drogen, 12fL 

Lavvcs  (J.  B.)  on  the  sources  of  the 
nitn^n  of  vegetation,  52L 

Lea  (M.  C.)  on  the  optical  properties 
of  the  picrate  of  manganese,  4/  7. 

Leroux  (M.)  on  the  refractive  indices 
of  vapours  at  high  temperatures. 

Light,  on  several  phenomena  con- 
nected with  the  polarization  of, 
157,  438 ;  on  the  uetermination  of 
the  direction  of  the  vibrations  of 
polarized,  321 ;  on  the  nature  of 
the,  emitted  by  heated  tourmaline, 
3^ ;  on  the  reflexion  of,  at  the 
boundary  of  two  isotropic  trans- 
parent media,  481. 
Liquid  expansion,  on  a  law  of,  40L 
Liquids,  on  the  laws  of  absorption  of, 
by  porous  substances,  57i  ll5;  on 
certain  laws  relating  to  the  boilii^- 
points  of  different,  331;  on  the 
dispersion  of  cUfferent,  by  electrical 
action,  452^ 
Lithium  spcctnmi,  note  on  the,  7^ 
Loir  (M.)  on  a  new  method  of  ob- 
taining solid  carbonic  add,  425. 
Lowig  (rrof.)  on  a  new  sulphur  com- 


550 


INDEX. 


l)OUDd»  125;  on  the  action  of  so- 
dium on  oxalic  ether,  12& 

Lorenz  (L.)  on  the  determination  of 
the  direction  of  the  vibrations  of 
polarized  light  by  means  of  difFrac- 
tioD,  321 ;  on  the  reflexion  of  light 
at  the  boundarv  of  two  isotropic 
transparent  merfia,  481. 

Louren(;o  (M.)  on  j)olygWccric  alco- 
hols, m 

Lowe  (E.  J.)  on  a  new  ozone-box 
and  test-slips,  466. 

Lunar  tables,  on  the,  232. 

Macrauchenia,  on  a  new  species  of, 
156. 

Magnetic  declination,  on  the  lunar- 

diurnal  variation  of,  .'^84. 

•  force,  on  a  theory  of,  65^  92» 

 phenomena,  on  the  ajiplicatiou 

.  of  tne  theorj'  of  molecnlar  vortices 

to.  161.281.338. 
Magnetism,  on  theories  of,  250. 
Martins  (M.)  on  the  platinum  metals, 

Matteucci  (Prof.)  on  electric  endos- 
mose,  159. 

Matthiessen  (Dr.  A.)  on  an  alloy 
^  which  may  be  used  as  a  standard  of 
electrical  resistance,  107. 

Maxwell  (Prof.  J.  C.)  on  the  theory 
of  com{>ound  colours,  and  the  rela- 
tions of  the  colours  of  the  spec- 
trum, HI ;  on  physical  lines  of 
force,  l^l.2Sl.m 

Metals,  new,  ^  2^2. 

Miasuikutl'  (M.j  on  the  preparation 
of  acetylene,  359. 

Minerals,  on  the  formation  of  native, 
4!)(L 

Mitchell  (Rev.  H.)  on  the  old  red 
sandstone  of  Forfar  and  Kincar- 
dine, 

Motion,  on  the  principles  of  the 

science  of,  4L. 
Murchison  (Sir  R.  L)  on  the  altered 

rocks  of  the  western  and  central 

Ilij^hlands,  .'^0^. 
Nicol  (Prof.  J.)  on  tlie  stmcture  of 

the  north-west  Highlands,  '2^.'^. 
Nitrobeusole,  on  the  oxidation  of, 

176. 

Nitro]dienoic  acid,  178. 
Nitroj)henyleiie(liamine,on  the  action 

of  nitrous  acid  upon,  457. 
Numbers,  prime,  on  a  new  theorem 

concerning,  127. 


Numerical  tables,  on  a  new  method 
of  arranging,  13L 

Oxygen,  on  the  preparation  of,  2^ 

Ozone,  note  on, 

O7.one-box  and  test-slips,  on  a  new, 

Pasteur  (M.)  on  alcoholic  fermenta* 

tion.  120. 
Pauli  (Dr.  P.)  on  the  production  of 

graphite  by  the  decomposition  of 

cyanogen  comjjounds,  541. 
Pettenkofer  (Prof.)  on  an  ajjparatua 

for  experiments  on  respiration,  544. 
Phospliuretted  hydrogen,  on  inilam^ 

mable, 

Physic.'*,  theoretical,  on,  504. 
Picrate  of  manganese,  on  the  opticnl 

properties  of  the,  477. 
Platinum  metals,  on  the  cyanides  or 

the,  Mi2. 

Playfair  (Dr.  L.)  on  a  method  of 
taking  va^tour-densities,  3!i8. 

Polvainmonias,  researches  on  the, 
4:>7. 

Pont^coulant  (M.  de)  on  the  lunar 

tables,  and  the  ineqiialities  of  long 
period  due  to  the  action  of  Venus, 
23iL 

Ptfraspis  duHensis,  30.3. 

Pugh  (Dr.  E.)  on  the  sources  of  the 

nitrogen  of  vegetation,  52L 
Putrefaction,  ob8er>'ati{)ns  on,  3fil. 
Quintics,  remarks  on,  ^  90,  210. 
Reboul  (M.)  on  some  derivatives  of 

glycerine, 
Regelation,  note  on,  146, 
Resistance-thermometer,  on  a  new. 

Respiration,  on  an  apparatus  for  ex- 
periments on,  544. 

Retina,  on  certain  affections  of  the,  2iL 

Riess  (Prof.)  on  electrical  partial  dis- 
charges, 542. 

Rijke  (Prof.  P.  L.)  on  the  duration  of 
the  spark  of  an  electric  discharge, 
3(>5. 

Ripples,  on,  and  their  relation  to  the 

velocities  of  currents,  Li  1?^^- 
Rose  (Prof.  H  )  on  the  separation  of 
tin.  2?)7. 

Rossi  (M.) on  homocuminic  acid,o6L 
Roval  Society,  proceedings  of  the.  75. 

141,  224,^-^4,457.  521. 
Saligeuiue,  researches  on,  .H6.'l 
Satellites,  on  the  stability  of,  in  small 

orbits,  263. 


INDEX. 


551 


Saturn*!  rings,  on  the  theory  of,  263, 

SaNTitsch  (M.)  on  acetylene,  358. 
Scbcrnhein  (Prof.)  on  the  insulation 

of  antozone,  8iL 
Scholz  (M.)  on  a  new  sulphur  com> 

pound, 

Schr(P(ier  (M.)  on  fermentation  and 
putrefaction,  361. 

Sehiitzenbcrger  (M.)  on  a  new  class 
of  salts,  4i}7. 

Seelheim  (M.)  on  Kallgenine,  3fkL 

Siemens  (C.  Win.)  on  a  new  resist- 
ance-thermometer, 73. 

—  (M.  W.)  on  a  standard  measure 
of  resistance  to  galvanic  currents. 

Siphon-electrometer,  on  the,  452. 
Smithe  (J.  D.)  on  the  gravel  and 

boulders  of  the  Punjab,  30^ 
Soda-flame,  on  the  opacity  of  the 

yellow,  to  hght  of  its  own  colour, 

Spectrum,  on  the  relations  of  the 
colours  of  the,  lil. 

Staurotide,  on  the  formation  of,  496. 
Steam,  on  the  density  of,  at  all  tern- 

peratures,  23(L 
Stewart  (B.)  on  the  nature  of  the 

light  emitted  by  heated  tourmaline, 

Stromever  (M.)  on  the  estimation  of 
tin,^ 

Succinic  acid,  on  derivatives  of,  L2:L 
Swan  (Prof.  W.)  on  the  temperature 

correction  of  siphon  barometers, 

206- 

•Syllogism,  on  the,  473. 
Sylvester  (Prof.)  on  the  numbers  of 
Bernoulli  and  Eulcr,  \2Z ;  on  the 
historical  origin  of  the  uusymme- 
trical  six-valued  functions  of  six 
letters,  363 ;  on  a  problem  in  tac- 
tic, 

Tait  (Prof.)  on  Ampere's  experiment, 
312, 

Tate  (T.)  on  the  laws  of  absorption 
of  liquids  by  porous  substance??,  57. 
1 15 ;  on  the  density  of  steam  at 
all  temperatures,  and  the  law  of  ex- 


pansion of  superheated  steam.  230 ; 
OK  certain  peculiar  forms  of  capil- 
lary attraction,  2M;  on  certain 
laws  relating  to  the  boiling-points 
of  ditFerent  liquids,  33i  ;  ou  a  new 
electrometer  for  measuring  the 
electric  charge  of  a  machine,  452. 

Temperature  correction  of  siphon 
barometers,  ou  the,  206. 

Temj>erature8,  on  the  production  of 
low,  296. 

Thermometer,  on  a  new  resistance,  Z3i 

Thomsen  I  J.)  on  a  constant  copper- 
carbon  batteiy,  80. 

Tin,  on  the  separation  of,  297. 

Tourmaline,  on  the  nature  of  the 
Ught  emitted  by  heated,  319. 

Tungsten  and  its  alloys,  researches 
on,  2ii2. 

Vapour-densities,  on  a  method  of 
taking,  328. 

Vapours,  on  the  refractive  indices  of, 
at  high  temperatures, 

Vaughan  (D.)  on  the  stability  of  sa- 
tellites in  small  orbits,  and  the 
theory  of  Satuni*3  rings,  263 ;  on 
phenomena  which  may  be  traced 
to  the  presence  of  a  medium  per- 
vading space,  507. 

Vegetation,  on  the  sources  of  the 
nitrogen  of,  52L 

Venus,  on  the  inequalities  of  long 
period  due  to  the  action  of,  232. 

Violin,  on  the  motion  of  the  strings 
of  a,  323. 

Wauklyn  (J.  A.)  on  a  method  of 
taking  vapour-densities,  39R. 

Water,  on  the  freezing  of,  543. 

"Waterston  (J.  J.)  on  a  law  of  liquid 
expansion,  401. 

Wertheim  (M.  G.)  on  the  cubical 
compressibility  of  certain  solid  ho- 
mogeneous bodies,  447. 

Williams  (C.  G.)  on  isoprene  and 
caoutchine,  463. 

Woods  (Dr.  J.)  on  Sainte-Claire  De- 
cile's tbeor}'  of  dissociation,  202. 

Yeast,  on  the  permanent  vitality  of, 
123. 

Zircon,  on  the  formation  of,  426. 


END  OF  THE  TWENTY-FIRST  VOLUME. 


PRIMTBD  BY  TATLOB  AMD  FBANCI% 
BSD  UOM  OOUBT,  PLBBT  8TBBBT. 


ALIEB       A  VLAMMAM. 


\ 


Digitized  by  Google 


Digitized  by  Google 


rhil.Ma^.  Scr.4.\U.2UlJZ: 


Digitized  by  Google 


U  giymy  Hut  dmkmty  at  O*  C    and  at  1S*C, 
f  dnftttt  Beaume  and  Am  tmrte^onduiff  SirwHff&L 
AquMUS  Stdphuiic  Add. 

J^BoMve  ^JPigitized  by  Google 


2^Ji&f.  5«r.  4 .  Vol.  ZLFLXjr 


Digit!^:5(5tby,GoogIe 


Digitized  by 


({Hi:  au^mtntfd.J 


HuL  Mi^f.  Ser.4.\ui.  2L  H.VJ. 


i 


I  I  I  i'  1  I  I  't  I  1  [  'i  I  I  I  'i  i  ri  'i  1  i  1  •113=1 


T 


'i'  'i'  TV 


4  /^^J 


And 

A 

Obsennti't  ns  an- Steam' 


pthcal^  ffjrnwjUulieUnv 
ibmmki  above  100  ? 


J.jiastrtt  luhc. 
Digitized  by  Google 


Digitized  by 


Googit 


Digitized  by  Google 


SUPPL£M£NTAaY  NUMBER. 


CONTENTS. 

LXXT.  On  the  Reflexion  of  Light  at  the  Boundary  of  two  Isotropic 
Transparent  Media.    By  L.  Loaiirz  page  481 

LXXII.  On  a  Surface  of  the  Fourth  Order.    By  A.  Caylby,  Esq.  491 

LXXIII.  CheniicaiNotioMfromFafeigii Jooniali.  By£«ATU]r> 
»oir.  Ph.D.,  F.C.S.  495 

LXXIV.  On  TheorolicBl  Phyiics.  By  PralBMor  Chaius,  F.R.8.. 

F.K  A  S   504 

LXXV.  On  Phenomena  which  maybe  traced  to  the  Presenoe 
a  Medium  per^ding  all  Space.    By  Daniel  Vaugbak,  Esq   ^7 

LXXVI.  On  a  Problem  in  Tactic  which  serves  to  disclose  the 
existence  of  a  Four- valued  Function  of  three  seta  of  three  letters 
each.  By  J.  J.  Svlv&stbb,  M.A.,  F.R.S.,  Professor  of  Matihematics 
at  the  Royal  Military  Academy,  Woolwich    515 

LXXVI  I.  Notices  respecting  New  Books  : — A  History  ^f  the  Pro- 
gress of  the  Calculus  of  Variations  during  Uie  Nineteenth  Century. 
By  I.  TooKUMTBR.  M.  A.,  Fdlow  ud  Brin^tl  Mrthirmrticil  fjeelmr 
of  St  John'i  GdleBe,  GMnbridge  5S0 

LXXVnL  FraoeedinrB  of  Iimid  Sooietieti* 
Mr.  J.  B.  Lawio,  Dr.  Oiu  w,  and  Dr.  Vwk  on  tbe  Souion  of 
tihe  Nitrogen  of  Vegotatian ;  Mr.  F.  J.  £▼▲»  on  die  Devia- 

tions'of  the  Compass  on  Iron- and  Wood-built  Steam-ships.  521-636 
Geological  SociiiiTYr — Sir  C.  Bunbdky  on  a  Collection  of 
Fossil  Plants  from  the  Nagpur  Territory,  Central  India  ;  The 
.  Kev.  S.  H18LOP  on  the  Age  of  the  Fossiliferous  thin-bedded 
Sandstones  and  Coal-beds  of  the  Province  of  Nagpur,  Central 
Indk;  The  Her.  W.  B.  CioMa  on  the  Geological  Age  of  die 
CkMUeifing  Rocks  of  New  South  Wales;  Prof .  T.  H.  HmuBT 
on  someHepCilian  Remains  from  North- Western  Bengal ;  Dr. 
Hector  on  the  Geology  of  the  Country  between  Lake  Supe- 
rior and  the  Pacific  Ocean ;  Dr.  A.  GnsKBa  on  Bleratkms  and 
Depressions  of  the  Earth  in  North  America   636-^39 

LXXIX.  Intelligence  and  Miscellaneous  Articles : — 

On  the  Theory  of  Cylindrical  Condensers,  by  M.  J.  M-Gaugain.  539 
On  the  Production  of  Graphite  by  the  Decompoeition  of  Cyanogen 

Compounds,  by  Dr.  P.  Paul!  ^   541 

OnBketricalFtetialDjadiafgei.  bjP.  Rieaa    642 

On  die  neeangof  WateraaddieFonnadonoflbSlby  K.L. 

Dnfbur   543 

On  an  Apparatus  for  Eiperiraents  on  Respiration  and  Perspira- 
tion in  the  Physiological  Institate  at  Mumch»  by  Profeaaor 
Pettenkofer  544 

Inilez   547 

Widi  lUle-poge*  Contented  fte.  I5 

 IJ 

U  b  requested  thai  all  CeniMnnifidana  for  due  Weilt  may  be  addieeaed, 
«  post-paid,  to  the  Care  of  Mesm.lMor  and  fbndiLMnliagOaBib 

•  iionCoui^Sket8M»l4»don.  Digitized  by 


Digitized  by  Google 


This  book  8hoi||d  be  returned  to 
the  Library  on  or  bWore  the  last  date 
stamped  below.  ^ 

A  fine  of  five  cents  a  day  is  incurred 
by  retaining  it  beyond  the  specified 
time. 

Please  return  promptly. 


3  2044  089  571  673 


Digitized  by  Google 


